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AUTHOR'S  PREFACE. 


During  the  last  fifteen  years  meclica,!  research  has  been 
directed  particularly  towards  the  study  of  surgery  and 
infectious  diseases,  and  great  results  have  been  attained 
in  these  departments. 

The  success,  however,  in  these  subjects  has  been  ac- 
companied by  a  disadvantage.  They  have  absorbed 
almost  the  entire  working  power,  so  that  other  sections 
of  pathology,  which  had  equal  need  of  renewed  scientific 
investigation,  have,  in  comparison,  had  to  lie  fallow. 

This  is  particularly  true  as  regards  the  anomalies  of 
metabolism,  and  especially  so  in  those  morbid  changes 
in  metabolism  usually  designated  "  the  uric  acid  dia- 
thesis." Kesearches  have  only  recently  been  publishetl, 
which  appear  to  make  an  accurate  insight  into  the  nature 
of  these  morbid  changes  possible. 

It  is  my  intention  to  collect  together,  in  the  folloAving 
pages,  these  new  and  important  researches.  In  certain 
points  I  have  sought  to  corroborate  them,  or  to  advance 
the  ideas  contained  in  them ;  and  I  have  also  endeavoured 
to  accentuate  various  symptoms  and  morbid  states,  which, 
in  my  opinion,  have  not  hitherto  been  sufficiently  held  in 
estimation.  *  Finally,  I  have  sketched  out  a  treatment 
in  keeping  with  the  new  conception  of  the  uric  acid 
diathesis. 

The  chemical  analyses,  to  be  found  in  various  parts 
of  this  investigation,  have  all  been  conducted  by  Hcrr 
Beyer.  To  him,  and  also  to  Professor  Stein,  who  placed 
his  laljoratory  at  my  disposal,  I  accord  my  hearty  thanks 
for  their  kindly  assistance. 

F.  Levison. 

Copevlidgtm. 


TRANSLATOR'S 


PREFACE. 


The  favourable  reception  generally  given  to  Dr.  Levison's 
Avork  in  this  country  led  me  to  believe  it  would  not  be 
unwelcome  in  an  English  form. 

It  may  be  regarded  as  a  logical  summary  of  the  more 
recent  researches  on  the  pathology  of  uric  acid,  and  on 
the  action  of  various  remedies  recommended  in  the 
treatment  of  this  diathesis. 

My  thanks  are  due  to  Dr.  Levison  for  kind  per- 
mission to  translate  and  publish  his  work  in  English. 

LiNDLEY  Scott. 

Sloane  Street,  S.  W.,  June,  1894. 


THE  URIC  ACID  DIATHESIS. 


INTRODUCTION. 

UxDER  the  common  designation  "  uratic  diathesis,"  or 
perhaps  more  correctly  "  uric  acid  diathesis,"  many 
authors  have  described  together  groups  of  very  different 
spnptoms,  although  they  have  but  one  thing  in  common : 
i.e.,  in  the  course  of  the  disease  pathological  products 
may  fonn  in  the  body,  which  consist  chiefly  of  uric 
acid,  or  uric  acid  compounds.  The  two  most  important 
representatives  of  the  uric  acid  diathesis — gout  and  uric 
acid  gravel — agree  so  little  in  their  symptoms  that  they 
might  not  be  considered  closely  related,  were  it  not  estab- 
lished that  the  predisposition  to  these  diseases  may  be 
transmitted  in  certain  families,  sometimes  as  gout  and 
sometimes  as  gravel.  The  two  affections  must  therefore 
rest  on  a  common  basis,  in  spite  of  the  evident  differences 
in  their  symptoms  and  course. 

After  Garrod*  found  in  1848  that  uric  acid  could  be 
shown  to  exist  in  the  blood  of  gouty  subjects,  and  in- 
vented the  so-called  "  thread  experiment,"  by  means  of 
which  uric  acid  can  be  detected  even  in  a  small  quantity 
of  blood,  the  fact  was  corroborated  by  all  later  investi- 
gators, and  Avill  never  again  be  called  in  question. 


*  "  Natur  und  P.chnncllung  der  Gicht."  Dcutsch  von  Eiscnmann.  1861. 
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On  the  other  hand,  later  researchers  have  not  suc- 
ceeded in  finding  uric  acid  in  the  blood  of  healthy  men, 
although  it  certainly  must  be  present  there.  Uric  acid 
is  one  of  the  normal  constituents  of  the  urine,  and  no- 
thing justifies  the  supposition  that  it  is  formed  only  in 
the  kidneys.  The  reason  why  we  are  not  able  to  find 
uric  acid  m  the  blood  of  healthy  subjects  is  certainly 
because  our  methods  of  analysis  are  not  sufficiently 
sensitive  to  detect  uric  acid  in  the  small  quantity  of 
blood  which  the  analytical  chemist  has  at  his  disposal  in 
these  apprehensive  and  blood-sparing  times. 

More  than  forty  years  have  passed  since  Garrod's 
first  publications,  without  our  coming  to  an  accurate 
understanding  as  to  the  nature  of  the  uric  acid  diathesis. 
There  has  been  no  want  of  theories,  but  a  lack  of  their 
proof ;  and  no  one  has  even  succeeded  in  establishing  a 
theory  which  afforded  a  plausible  explanation  of  all  the 
symptoms,  or  of  their  peculiar  course,  etc.  Researches 
have  been  published  only  recently  which  have  brought 
us  nearer  the  solution  of  this  difficult  question,  although 
it  has  occupied  the  ingenuity  of  physicians  for  hundreds 
of  years,  and  has  had  produced  in  its  cause  many 
hundreds  of  books. 


THE  QUANTITATIVE  ESTIMATION  OP  URIC  ACID 
IN  THE  URINE. 

It  has  already  been  stated  that  chemistry  leaves  us 
in  the  lurch  when  we  come  to  demonstrate  uric  acid 
in  healthy  blood,  and  that  a  quantitative  estimation  of 


THE  URIC  ACID  DIATHESIS. 


13 


uric  acid  in  the  blood  of  gouty  subjects  is  possible  only 
when  several  hundred  centigrammes  of  blood  are  at  our 
disposal,  which  is  indeed  very  seldom  the  case.  The 
estimation  of  the  amount  of  uric  acid  excreted  in  the 
urine  in  twenty-four  hours  is  also  difficult.  Heintze's 
method,  which  as  a  rule  was  formerly  employed,  and 
which  Garrod*  also  used,  consists  in  adding  to  the  urine 
an  excess  of  strong  hydrochloric  acid  (1  in  20),  letting  it 
stand  for  forty-eight  hours,  removing  the  precipitate  by 
filtration,  washing  with  water  and  then  with  alcohol, 
and  weighing. 

This  method  is  easy,  but  is  very  inaccurate,  as  a 
portion  of  the  uric  acid  remains  in  solution,  and  as  it 
is  not  even  known  what  proportion  of  the  uric  acid 
contained  in  the  urine  is  precipitated. 

All  earlier  investigations  with  Heintze's  method  are 
not,  therefore,  of  great  value ;  and  this  also  holds  good 
for  the  conclusions  arrived  at  with  respect  to  metaboHsm 
in  health  and  disease,  and  the  medicinal  and  dietetic 
treatment  of  the  uric  acid  diathesis,  conducted  by  this 
method  of  examination. 

Reliable  methods  have  been  brought  forward  by 
Ludwig  and  Salkowski,t  and  also  by  Fokker,^  but  these 
are  so  difficult  to  pursue,  and  require  so  much  time,  that 
only  analytical  chemists  can  perform  them  in  a  satis- 
factory manner.  There  are,  therefore,  only  a  small 
number  of  examinations  based  upon  them. 

All  quantitative  estimations,  which  will  be  men- 
tioned later,  have  been  conducted  according  to  the 
method  suggested  by  Fokker,  and  modified  by  Salkowski, 

*  "Natur  und  Behandlung  der  Gicht,"  p.  400. 

t  Vogel  und  Neubauer,  Hamaniilyse,  9  Aufl.,  p.  545. 

t  Vogel  und  Noubauer,  Harnanalyse,  9  Aull.,  p.  547. 
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when  no  other  method  is  particularly  stated.  The  urine 
for  twenty-four  hours  is  collected,  and  from  this  an 
average  sample  of  200  cc.  is  taken,  and  rendered  alkalme 
by  20  cc.  of  a  solution  of  bicarbonate  of  soda  (1  in  10). 
In  the  course  of  an  hour  10  cc.  of  a  saturated  solution 
of  ammonium  chloride  are  added,  and  the  mixture  left 
standing  for  forty-eight  hours.  The  deposit  is  then  re- 
moved on  a  dried  weighed  filter,  and  washed  two  or  three 
times.  A  clean  glass  is  next  placed  under  it,  and  a  mix- 
ture of  hydrochloric  acid  and  water  (1  in  10)  poured  on 
the  filter,  till  all  the  urate  of  ammonium  is  decomposed. 
The  uric  acid,  which  after  six  hours  has  deposited  in  the 
filtrate,  is  thrown  upon  the  filter,  Avashed  twice  with 
water,  and  then  with  alcohol,  till  the  acid  reaction  is  lost. 
Finally,  the  filter  is  dried  and  weighed,  and  the  amount 
of  uric  acid  deposited  on  the  filter  estimated ;  to  this 
amount  0'030  grm.  has  to  be  added  to  compensate  for 
the  loss  which  ensues  from  some  uric  acid  remammg  in 
solution. 

This  method  is  rather  quicker  and  more  convenient 
than  the  Salkowski-Ludwig  method,  and  has  been  tried 
and  approved  of  by  experienced  chemists.  It  occupies, 
however,  three  times  twenty-four  hours,  and  must  be 
very  conscientiously  done  to  give  a  good  result. 

Gowland-Hopkins*  has  recently  suggested  a  new 
method,  which  is  comparatively  sunple,  and  which 
appears  to  give  trustworthy  results.  It  will,  therefore, 
perhaps,  furnish  the  much-desired  clinical  method.  For 
the  estimation  of  uric  acid  by  it,  the  following  reagents 
are  necessary : — 

1.  Pure  powdered  ammonium  chloride,  which  should 


*  Guy's  Hosi)itul  Reports,  1891,  p.  299. 
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contain  no  organic  matter,  and  should  therefore  not 
blacken  on  heating. 

2.  A  saturated  solution  of  ammonium  sulphate. 

3.  A  twentieth-normal  solution  of  permanganate  of 
potash,  prepared  by  dissolving  1'578  grms.  of  the  salt  in 
one  litre  of  distilled  water. 

4.  Pure  strong  sulphuric  acid. 

Method. — From  the  urine  of  the  twentj^-four  hours 
an  average  sample  of  100  cc.  is  taken,  and  saturated  with 
ammonium  chloride,  from  30  to  35  grms.  being  neces- 
sary ;  the  mixture  is  left  standing  for  a  few  hours ;  the 
specific  gravity  being  very  high  it  is  necessary  to  shake 
or  stir  it  up  occasionally,  so  that  the  ammonium  urate 
precipitate  may  subside  and  not  float  at  the  top.  It  is 
next  passed  through  thin  filter  paper,  and  the  pre- 
cipitate washed  with  the  saturated  solution  of  ammo- 
nium sulphate  to  remove  the  remams  of  the  ammonium 
chloride.  As  the  sulphate  of  ammonium  passes  slowly 
through  the  filter,  the  filter  pump  may  with  advantage 
be  used  to  accelerate  the  washing. 

After  two — or,  at  most,  three — washings  with  the 
ammonium  sulphate  solution,  the  precipitate,  which  now 
consists  of  pure  ammonium  urate,  is  washed  into  a 
beaker  by  means  of  a  jet  of  hot  distilled  water,  and  is 
dissolved  in  the  water  by  heating  and  the  addition  of  a 
few  drops  of  carbonate  of  soda  solution.  The  solution 
is  then  cooled,  and  made  up  to  100  cc.  with  distilled 
water.  It  is  then  poured  into  a  large  flask,  and  20  cc.  of 
strong  sulphuric  acid  added,  by  means  of  which  the 
temperature  rises  above  60°  C.  Titration  with  the 
permanganate  solution  is  then  immediately  commenced, 
and  as  the  latter  is  run  in  from  a  burette — at  first  quickly 
and  then  drop  by  drop — the   red   colour  disappears 


16  THE  URIC  ACID  DIATHESIS. 

immediately  it  comes  in  contact  with  the  urate  sohition. 
Titration  is  finished  whenever  the  red  colour  remains 
unchanged  for  a  few  seconds,  and  is  disseminated 
throughout  the  solution  on  shaking.  One  must  not  be 
misled  by  the  colour  again  disappearing  in  the  course  of 
a  few  seconds ;  the  uric  acid  itself  is  quite  oxydised  by 
the  permanganate,  but  the  ncAvly-formed  compounds 
may  be  further  oxydised,  and  so  take  up  a  large  quantity 
of  the  titration  fluid.  The  amount  of  uric  acid  is  then 
calculated  from  the  quantity  of  permanganate  solution 
used,  1  cc.  of  which  is  equal  to  0  0037  grm.  of  uric 
acid. 

As  this  method  appeared  to  promise  good  results,  I 
conducted — with  my  assistant,  Herr  Beyer — six  exam- 
inations by  the  Fokker-Salkowski  and  the  Gowland- 
Hopkins  methods,  simultaneously.  Of  these  six  ex- 
periments, five  gave  excellent  results,  as  the  following 
table  shows : — 


FoKKEK.  Hopkins. 

1.  0-450    grm.  uric  acid.  0-487  gi"m. 

2.  0-725     „  „  0-731 

3.  0-9947    „  „  0-9918  „ 

4.  0-787     „  „  0-834 

5.  0-734     ,,  „  0-734  „ 

In  the  last  experiment  there  was  a  great  difference,  namely — 

6.  0-702    grm.  0-616  grm. 

It  was  found  difficult  in  the  last  case  to  conclude 
when  titration  was  just  finished,  so  that  this  dis- 
crepancy cannot  be  counted  altogether  against  the 
method. 

In  view  of  these  satisfactory  results,  and  taking  into 
account  that  they  are  obtained  with  greater  expedition 
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than  by  other  reliable  methods,  and  do  not  require  large 
apparatus,  it  may  be  concluded  that  the  Gowland- 
Hopkins  method  is  the  most  advantageous  for  clinical 
purposes. 


THE   FORMATION  AND   PHYSIOLOGICAL  SIGNI- 
FICATION OF  URIC  ACID. 

In  order  thoroughly  to  understand  the  uric  acid 
diathesis,  it  is  necessary  to  have  an  accurate  know- 
ledge of  the  genesis  and  physiological  signification  of 
uric  acid.  This  knowledge  we  have  lacked  till  now, 
and  even  in  the  most  recent  handbooks  of  physiology 
we  find  only  defective  and  doubtful  information  on  the 
subject. 

It  is  evident  that  a  satisfactory  theory  of  the  patho- 
logical alterations  in  the  production  and  excretion  of 
uric  acid  cannot  be  given,  so  long  as  we  have  only  an 
imperfect  knowledge  of  the  relations  of  this  substance  to 
the  healthy  organism.  It  is  for  this  reason  that  authors 
who  have  devoted  their  attention  to  this  question,  have 
constructed  theories  diametrically  opposed  to  each  other 
Thus  Ebstein*  is  of  opinion  that,  in  the  subjects  of 
gout,  uric  acid  is  formed  in  abnormal  situations — in 
muscles,  bone,  marrow,  etc. — or  that  it  may  be  pro- 
duced in  these  parts  of  the  body  only  in  abnormal 
amount.    The  proportion  of  uric  acid  circulating  in  the 

•  "  Bcitriigc  zur  Lohre  von  dcr  harnsaurcn  Diathosc,"  p.  23.  1890. 
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l}mipli  and  blood  being  thus  increased ;  and  when,  from 
any  unknown  cause,  stasis  occur  in  the  lymph  vessels  in 
some  locality,  it  gives  rise  to  irritation  and  morbid 
changes  in  the  organs,  according  to  its  degree,  from  the 
uric  acid  acting  as  a  chemical  poison.  When  the  stasis 
is  very  severe,  acute  gout  and  the  deposition  of  uric  acid 
salts  supervenes. 

This  theory  is  just  as  hypothetical  as  Pfeiffer's,*  ac- 
cording to  Avhich  the  uric  acid  diathesis  depends  on  the 
fact  that  uric  acid  is  formed  in  the  system  in  a  modified 
form,  not  easily  soluble,  which  becomes  deposited  in 
healthy  portions  of  the  body,  or  crystallises  in  necrosed 
parts.  In  his  view  an  acute  attack  of  gout  sets  in  when 
the  alkalinity  of  the  blood  is  temporarily  increased,  so 
that  the  deposited  uric  acid  is  again  dissolved,  and  acts 
as  a  chemical  poison. 

Our  knowledge  of  the  subject  has  extended  only  in 
recent  years  as  contributions  have  been  made  in  various 
quarters  upon  the  origin  of  uric  acid  in  the  healthy 
body,  and  the  conditions  which  increase  or  diminish  its 
amount.  An  endeavour  will  be  made  in  the  following 
pages  to  give  an  account  of  these  recent  investigations, 
and  also  to  show  from  them  how  various  items  in  the 
pathology  of  the  vu-ic  acid  diathesis,  which  formerl}^ 
were  unexplained  phenomena,  can  find  a  simple  ex- 
planation. 

Of  the  less  recent  contributors,  Machf  may  be  men- 
tioned. He  was  able  to  pi'oducc  a  considerable  increase 
in  the  excretion  of  uric  acid  in  birds  by  feeding  them  on 
hypoxanthin  ;  he  concluded  from  this  that  hypoxanthin 

*  "  Verhandlungen  dcs  Congresses  fiir  inncre  Modicin, "  p.  166.  1889. 
Jierlin  fclin.  Wochvtischr.    1892.    No.  16  ff. 

t  Archiv  f.  exper.  Pathol,  ti.  Pharm.,  1887,  p.  148. 
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must  be  an  intermediate  stage  in  the  disintegration 
which  albumen  undergoes  while  being  transformed  into 
uric  acid.  This  may,  perhaps,  be  the  case  in  birds, 
where  the  solid,  nitrogenous  constituents  of  the  urine 
consist  almost  of  uric  acid  alone,  but  it  cannot  hold 
good  in  mammals,  as  they  normally  form  only  a  small 
quantity  of  uric  acid,  while  urea  is  the  normal  final 
produce  of  the  disintegration  of  the  albumen  introduced 
into  the  system  as  food. 

The  same  author*  has  also  shown  that  the  generally 
accepted  theory,  according  to  which  uric  acid  is  said  to 
be  formed  chiefly  in  the  liver,  is  untenable.  This  he 
seeks  to  prove  by  the  fact  that  the  formation  and  ex- 
cretion of  uric  acid  remains  unaltered  in  birds  when  the 
liver  is  deprived  of  its  circulation  by  ligaturing  its 
vessels. 

Maressf  has  found  that  every  individual  excretes 
after  the  thirteenth  hour  of  fasting  an  almost  constant 
amount  of  uric  acid  ;  after  a  large  meal  the  excretion  of 
uric  acid  rises  very  rapidly,  and  sinks  again  after  several 
hours.  The  quantity  of  urea  does  not  begin  to  rise  till 
later ;  it  reaches  the  maximum  nine  hours  after  the 
meal,  and  then  falls  again. 

From  these  investigations  Maress  concludes  that  urea 
is  formed  from  the  albuminous  substances  introduced  in 
the  form  of  food,  but  that  the  uric  acid  is  formed  from 
the  tissues  of  the  body,  and  that  the  increased  uric  acid 
production  immediately  after  a  meal  does  not  arise  from 
the  albumens  of  the  food,  the  digestion  of  which  has 

*  Avchiv  f.  exper.  Patliol.  u.  Pharm.,  188S,  j).  389. 

t  Archives  slaves  de  Biologic.  See  Hirsch- Virchow'a  Juhirxl).,  1889, 
i.  p.  145. 
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scarcely  commenced,  but  from  tlie  increased  cellular 
activity  during  digestion. 

The  most  important  and  complete  researclies  into  the 
question  have  been  made  by  Horbaczewski*  and  his 
pupils,  he  having  already  shown  that  uric  acid,  as  well 
as  xanthin  and  hypoxanthin,  could  be  prepared  from 
spleen  pulp. 

When  fresh  splenic  pulp  is  rubbed  down  with  eight 
to  ten  times  the  amount  of  distilled  water,  and  the  mix- 
ture left  standing  at  a  temperature  of  50*^  C.  for  eight 
hours,  bacteria  gradually  develop ;  numerous  gases  are 
produced,  and  towards  the  end  of  the  experiment  a 
slight  foul  odour  becomes  apparent.  The  experiment 
must  then  be  mterrupted,  otherwise  further  products 
of  decomposition  occur. 

By  digesting  in  this  way,  the  greater  portion  of  the 
spleen  tissue  is  dissolved,  and  on  separatmg  the  undis- 
solved portion,  and  precipitating  with  acetate  of  lead, 
the  albuminous  bodies  are  removed  and  the  fluid  steril- 
ised. Nitrogenous  substances  are  now  found  in  the 
solution,  and  appear  to  be  forerunners  of  uric  acid,  as  well 
as  of  xanthin  and  hypoxanthin,  but  their  chemical  con- 
dition has  not  yet  been  accurately  ascertained,  and  they 
have  not  so  far  been  isolated.  When  the  fluid  is  heated, 
and  again  filtered,  and  the  filtrate  condensed  by  evapor- 
ation to  a  small  volume,  xanthin  and  h3rpoxahthin,  but 
no  uric  acid,  are  found  in  it.  Guanin  and  adenin,  which 
former  investigators  have  prepared  from  spleen  pulp, 
were  not  found  in  the  solution,  because,  by  the  decom- 
position, adenin  is  transformed  into  hypoxanthin,  and 

*  "  Boiti  age  zur  Kentnisse  dcr  Bildung  der  Hanisiiure  und  dor  Xanthin 
basen."  "  Sitzungsbericht  d.k.  Acad.  d.  Wise,  in  Wien."  Math-naturw 
Classe  Bd.    C.  (Tome  100).    Abth.  iii.    April,  1891. 
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guanin  in  toxanthin.  If  the  fluid  obtained  by  pre- 
cipitation with  acetate  of  lead  is  heated  at  40  to  50° 
C,  with  an  equal  volume  of  arterial  blood,  or  a  dilute 
solution  of  peroxide  of  hydrogen,  uric  acid  forms  in  it 
after  several  hours.  The  same  result  can  be  obtained 
with  an  abundant  supply  of  atmospheric  air.  About 
2'5  milHgrms.  of  uric  acid  can  be  formed  from  1  grm. 
of  spleen  pulp. 

Horbaczewski  treated  100  grms.  of  spleen  tissue 
in  the  manner  described  above.  250  cc.  of  the  fluid 
obtained  in  this  way  Avere  used  for  the  preparation  of 
uric  acid,  and  from  this  0  0607  grm.  uric  acid,  re- 
presenting 0'0201  grm.  nitrogen,  resulted.  A  second 
portion  of  250  cc.  was  used  for  preparing  xanthin 
and  hypoxanthin  (xanthin  bases),  and  the  nitrogen 
in  them  was  estimated  at  0  01995  grm.,  being  almost 
equal  to  the  amount  of  nitrogen  of  the  uric  acid 
experiment. 

It  follows  from  these  experiments  that  substances  , 
exist  m  the  spleen  which  are  easily  decomposed,  and 
that  by  this  decomposition  nitrogenous  compounds  are 
formed,  which  can  further  be  transformed  either  into 
xanthin  and  hypoxanthin,  or  into  uric  acid ;  but  when 
the  xanthin  bases  are  once  formed,  they  cannot  be  ' 
further  oxydised  into  uric  acid.  The  question  next 
arises :  what  constituents  of  the  spleen  can  become  de- 
compo.sed  into  xanthin  bases  or  uric  acid  ?  It  had 
formerly  been  supposed  that  this  mother  substance  was 
the  nuclein  of  the  lymphatic  constituents  of  the  spleen, 
and  Horbaczewski  has  now  brought  forward  proof  of 
this.  Fresh  spleen  pulp  was  digested  with  a  strong 
acid  solution  of  pepsin,  for  about  twenty-four  hours,  at 
37"  to  40°  C.    The  fluid,  in  which  most  of  the  nuclein 
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was  suspended,  was  shaken  up  with,  ether.  The  nuclein 
settled  on  the  top  of  the  Avatery  fluid,  below  the  ether,  as 
a  dense  grey  layer. 

It  was  then  removed  from  the  fluid,  again 
shaken  up  with  water  and  ether,  and  with  alcohol  as 
long  as  it  coloured  it,  digested  at  40"  C,  and  ex- 
tracted with  ether.  It  then  appeared  as  a  grey 
powder,  which  on  microscopic  examination  was  found 
to  consist  of  pure  nuclein.  Horbaczewski  was  able  to 
prepare  uric  acid,  by  dissolving  this  nuclein  in  a  very 
weak  lye,  and  treating  it  with  blood  at  40°  C.  As  the 
nuclein,  when  treated  in  this  Avay,  decomposes  very 
slowly,  the  task  is  more  readily  accomplished  when  the 
solution  is  heated  with  water  and  a  weighed  quantity  of 
spleen  pulp.  It  is  then  easy  to  calculate  the  amount  of 
uric  acid  arising  from  the  nuclein,  by  comparing  it  with 
the  quantity  of  uric  acid  obtained  from  the  same 
quantity  of  sjoleen  pulp  alone. 

Further  experiments  showed  how  far  uric  acid  could 
be  obtained  from  other  organs  and  tissues.  Horbac- 
zewski's  assistants,  Sadowenj  and  Formanck,  treated  a 
large  number  of  organs  of  men  and  calves,  in  the  same 
way  as  described  in  the  case  of  the  spleen,  and  found 
that  uric  acid  was  present  in  almost  all  tissues  of  the 
body — in  the  mucous  membrane  of  the  bowels,  in  the 
bone-marrow,  thymus,  liver,  muscles,  lungs,  brains, 
kidneys,  and  skin.  It  was  shown  at  the  same  time  that 
these  tissues,  and  the  blood  used  in  the  experiments, 
did  not  normally  contain  uric  acid,  and  if  so  only  in 
traces.  As  all  these  tissues  corresponded  to  the  spleen 
in  the  preparation  of  uric  acid,  and  as  either  the 
xanthin  bases,  or  uric  acid,  could  be  at  will  prepared 
from  them,  it  can  no  longer  be  doubted  that,  in  the  case 
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of  these  organs  also,  the  niiclein  contained  in  the  cells 
is  the  mother  substance.  This  author  leaves  it  un- 
decided whether  there  is  only  one  or  several  nucleins. 
At  any  rate,  they  must  closely  resemble  each  other 
chemically,  as  their  products  of  decomposition  are 
identical. 

Accordingly,  Horbaczewski  and  his  pupils  having 
shown  that  outside  the  system  uric  acid  can  be 
prepared  from  the  nuclein  present  in  all  tissues  of  the 
body,  the  only  question  now  was  whether  a  similar 
decomposition  also  took  place  in  living  human  beings. 
In  order  to  settle  this,  Horbaczewski  first  investigated 
how  nuclein  acted  when  it  was  introduced  into  the 
body.  The  investigation  showed  that  the  Excretion 
of  uric  acid  can  be  increased,  both  when  nuclein  is 
taken  with  the  food  and  when  a  solution  of  it  is  in- 
jected subcutaneously.  A  weak  alkaline  solution  of 
0"75  grm.  was  injected  subcutaneously  into  a  rabbit, 
and,  in  place  of  the  normal  7  to  8  milligrammes,  it 
excreted  25'8  milligrammes  of  uric  acid  in  twenty-four 
hours. 

A  man  was  fed  during  the  experiment  for  five  days 
on  a  regulated  diet  consisting  of  flesh,  bread,  butter,  etc., 
and  the  production  of  uric  acid  reached  0"689  to  0-861 
grm.  per  diem.  Ten  grammes  of  nuclein  were  then 
given  to  him  daily  in  addition  to  his  food,  and  the 
uric  acid  rose  to  1  grm.  The  day  after  taking  the 
nuclein  it  was  0-957  grm.,  and  again  gradually  dimin- 
ished. In  this  case  there  was  not  a  very  considerable 
increase;  it  is  more  striking  when  the  nuclein  is  ad- 
ministered during  fasting.  As  Maress  has  shown,  during 
fasting  the  excretion  of  uric  acid  falls  during  the  first 
twelve  hours,  and  the  minimum  so  reached  remains 
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unchanged  from  about  the  fourteenth  hour;  if,  during 
this  period  of  equal  production,  nuclein  is  administered 
and  the  fasting  continued,  the  secretion  of  uric  acid  is 
thereby  considerably  affected. 

A  man  fasted  eighteen  hours,  and  took  then  5 '5  grms. 
nuclein  suspended  in  water.  The  amount  of  uric  acid 
and  the  total  amount  of  nitrogen  were  estimated  every 
two  hours.  The  result  will  be  seen  from  the  following 
table : — 


Nitrogen.  Uric  acid. 

1"065  grm.  46'8  mgrm. 

1-040     „  46-9  „ 

^as  given  ^     1-5  335    „  1013     „  64-7  „ 

1-096     „  ^3-6  „ 


Nuclein 
as  give 
at  11. 


A  second  experiment  gave  similar,  although  not  so 
evident,  results.  Therefore,  on  the  administration  of 
nuclein  by  the  mouth,  the  uric  acid  excretion  is  in- 
creased. Nuclein  is  not  very  quickly  digested,  and  takes 
several  hours  to  show  its  action. 

It  is  most  probable,  from  these  experiments,  that 
uric  acid  is  formed  in  health  by  the  disintegration  of  the 
nuclein,  which  exists  in  different  quantities  in  all  tissues 
of  the  body.  All  the  constituents  of  the  tissues  cannot 
be  so  rapidly  disintegrated  that  a  sudden  variation  in 
the  uric  acid  production  can  be  explained  in  this  way. 
This  can  be  true  only  of  the  leucocytes,  which  are 
present  in  the  blood,  lymph,  connective  tissue,  glands — 
in  short,  everywhere  in  the  body.  If  a  large  meal  is  able 
to  cause  a  considerable  increase  in  the  number  of  leuco- 
cytes in  the  blood,  and  this  increase  after  a  few  hours 
disappears,  it  is  reasonable  to  suppose  that  the  cells  have 
become  broken  up,  and  the  nuclein  contained  in  them 
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converted  into  xanthiii  bases  or  uric  acid,  within  the 
system.  This  hypothesis  is  also  supported  by  the  fact,  j 
demonstrated  by  many  observers,  that  a  temporary  or 
permanent  leucocytosis  is  always  accompanied  by  a 
corresponding  increase  in  the  amount  of  uric  acid  (or 
xanthin  bases)  formed  in  the  body. 

In  childhood  the  blood  is  richer  in  leucocytes,  and 
the  production  of  uric  acid  is  also  greater  than  later 
in  life.  The  nitrogen  of  the  uric  acid  reaches  in  the 
first  day  of  life  7  to  8  per  cent,  of  the  total  nitrogen 
ehminated,  while  in  adults  it  is  only  1  to  2  per  cent. 

Martin  and  Ruge*  found  that  the  daily  excretion  of 
urea  in  new-born  children  was  01923  grm.,  and  the 
amount  of  uric  acid  0'0214  grm.,  the  proportion  being 
1  to  9  or  11  per  cent. 

According  to  Pfeifferf  the  excretion  of  uric  acid  in 
healthy  subjects  is  almost  constant  in  amount,  and  varies 
only  with  age.  During  the  first  ten  years  it  is  1'280  grms. 
daily  per  100  klgrms.  body  weight ;  during  the  second 
ten  it  is  1113  grms.;  in  the  third,  1-024;  the  fourth, 
0-965;  the  fifth,  0-882;  the  seventh,  0-752;  and  the 
ninth,  0-577  grm. 

As  already  stated,  the  excretion  of  uric  acid  in  adults 
is  diminished  during  fasting,  and  rises  after  taking  food, 
especially  flesh  food.  The  behaviour  of  the  white  blood 
corpuscles  corresponds  to  this,  their  number  sinking  to 
a  minimum  after  eighteen  hours'  fasting — where  they 
remain  if  fasting  is  continued — and  then  again  rising 
considerably  two  hours  after  a  meal. 

*ZcitKchrift  f.  Geburtskunde,  1875.  (See  Schmidt's  Tahrb.  1876, 
Bd.  169,  p.  304.  . 

t  "  Vorhfindlungen  des  Congresses  fiir  innero  Medicin,  1889,"  p.  166. 
Ikt  l.  /din.  Wochensch.,  1892.    No.  16  £E. 
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According  to  the  researclies  of  Maress,'^  the  excretion 
of  uric  acid  remains  imchanged  from  the  thirteenth  to 
the  twenty-fourth  and  twenty-seventh  hours  of  fasting, 
while  the  absohite  amount  varies  according  to  the  in- 
dividual. After  a  meal  abounding  largely  in  flesh  food, 
the  amount  of  uric  acid  excreted  immediately  rises,  and 
reaches  the  maximum  in  five  hours ;  after  this  it  sinks, 
and  twelve  hours  later  is  again  at  the  level  from  which 
it  started.  The  production  of  urea  rises  more  sloAvly, 
reaches  the  maximum  nine  hours  after  food,  and  sinks 
again  more  slowly. 

Roberts  f  examined  the  urine  of  a  healthy  man 
who,  during  twenty-four  hours,  partook  of  two  good 
meals ;  the  urine  was  collected  every  two  hours  and 
examined.  He  found  that  after  six  hours'  sleep  and 
sixteen  hours'  fasting,  the  urine  was  strongly  acid, 
yet  did  not  contain  much  uric  acid ;  three  to  four 
hours  after  food  the  urine  was  less  acid,  sometimes 
alkaline,  but  contained  a  much  larger  quantity  of  uric 
acid. 

More  recent  experimental  researches  have  been  con- 
ducted by  Horbaczewski.J  Five  healthy  young  medical 
men  fasted  for  eighteen  hours  on  end.  The  urine  from 
the  seventeenth  to  the  eighteenth  hours  and  the  amount 
of  leucocytes  in  the  blood  were  then  examined  (Zeiss- 
Thoma).  They  then  partook  of  a  meal  consisting  of 
meat,  bread,  butter,  beer,  etc. ;  three  to  four  hours  after 
the  meal  the  urine  collected  during  two  hours  and  the 
blood  Avere  again  examined. 

*  Archives  slaves  de  Biologic.  {See  Hirsch-Virchow's  Jahresbericht  fiir, 
1887,  i.  p.  145.) 

fJSdin.  Mid.  Journal,  1860,  pp.  817  and  900. 

X  "Beitriige  zur  Kentniss  der  Bildung  der  Harnsaure  iind  der  Xanthin 
basen." 
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The  foUoAving  table  gives  the  result  of  this  experi- 
ment : — 


During  Fasting. 


After  taking  Flksh  Food. 


a 

3 


4,.500 
4,750 
5,002 
9,9.50 
5,700 


a 


•a  .3 


170 

50 

120 

50 

160 


o 

a 


39-9 
42-5 
49-6 
57-2 
33-3 


0) 

em 


o 


1,034 
642 

1,056 
756 
463 


o 


'60 
o  n 

S3 


7,2.50  =  +  61-1% 
7,500  =  4-57-9% 
7,744  = +  54-8% 
14,900  =  4-49-5% 
7,700  =  4-35-1% 


§3 

O  3 
.3  3 


3 

|3 


o 

s 
<) 


340 
85 
330 
260 
85 


148,-1  =  4-  271% 
117-3  =  4-176% 
143-2  =  4-  188% 
106-0  =  4-  86% 
102-0  =  4-  206% 


o 


1,445 
1,014 
1,838 
1,445 

925 


The  increase  in  the  number  of  leucocytes  in  the 
blood  after  a  meal,  demonstrated  by  Horbaczewski,  is  to 
be  explained  only  by  leucocytes  being  formed  in  large 
numbers  in  other  parts  of  the  body,  and  passing  with 
the  lymph  stream  into  the  blood. 

Hofmeister*  proved  by  experiments  on  animals  that 
the  number  of  lymph  cells  in  the  adenoid  tissue  of  the 
intestines  was  increased  during  digestion ;  the  same 
thing  took  place  in  the  adenoid  tissue  of  the  stomach. 
The  cells  appear  to  be  the  product  of  an  autochthonic 


*  Archives/,  expo:  I'alh.  n.  r/iam.,  Bd.  22,  p.  306. 
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new  formation,  and  he  was  also  able  to  detect  extensive 
mitosis  in  Peyer's  patches. 

Some  authorities  assert  that  the  increase  of  uric  acid 
makes  its  appearance  after  animal  food  only,  and  not 
after  vegetable  food ;  accordingly  the  experiment  Avas 
repeated,  and  a  meal,  consisting  entirely  of  vegetable 
food,  given  after  eighteen  hours'  fasting. 


During  Pasting. 


3 
o 


O  d 


1Z5 


4,500 
4,750 
5,002 
5,700 


3 

1-1  o 

2  to 


170 
60 
120 
160 


3 
o 

g 


39-9 
42-5 
49-6 
33-3 


a 

d 

1 
3 


c3 

o 


1,034 
642 

1,056 
463 


After  taking  Vegetable  Food. 


o 
,3 

>o  . 

<u  o 

+3  O 

0)  d 


3 


°  3 


a  3 

o 
o 

4-1 
O  3 


5,900  23-1% 
4,900  =  +  3-1% 
5,050  =  +  0-95% 
5,850  =  +  2-5% 


95 
55 
280 
290 


a 
;& 

g 

3 


3 

5 

3 


77-4  =  +  94% 
52-9  =  +  24-5% 
59-3  =  +  19-5% 
42-3  =  +  27% 


The  above  tables  show  that  there  exists  a  certain 
proportion  between  the  number  of  leucocytes  in  the 
blood  and  the  quantity  of  uric  acid  excreted  ;  further, 
that  both  factors  are  considerably  increased  when  the 
individual  under  examination  takes  a  meal  consisting 
largely  of  animal  food,  after  eighteen  hours'  fasting. 
Finally,  that  only  in  one  of  the  individuals  there  was  a 
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considerable  increase  in  the  excretion  of  uric  acid  after 
a  meal  of  vegetables,  and  that  this  increase  was  accom- 
panied by  an  increase  in  the  number  of  white  blood 
corpuscles.  On  the  other  hand,  the  difference  in  the 
total  amount  of  nitrogen  eliminated  after  both  meals 
was  much  more  limited,  which  strongly  points  to  the 
probability  that  the  increased  excretion  of  uric  acid  is 
due  to  leucocytosis,  and  not  to  the  disintegration  of  the 
albumen  introduced  as  food. 

In  patients  in  whom  no  digestive  leucocytosis  takes 
place,  or  does  not  make  its  appearance  till  very  late, 
there  is  no  increased  excretion  of  uric  acid,  or  it  only 
appears  much  later  after  the  meal  than  usual;  as 
Horbaczewski  has  shown  by  repeating  the  above  feeding 
experiments  in  three  persons  sufiering  from  carcmoma 
ventriculi. 

These  experiments  show  that  the  excretion  of  uric 
acid  is  of  unequal  amount  in  different  individuals,  and 
in  them  is  affected  in  different  degrees  by  influences, 
which  diminish  it — as  fasting,  or  increase  it — as  flesh 
food. 

In  Horbaczewski's  experiments  the  urine  passed  only 
during  the  fourth  and  flfth  hours  after  food  was  examined ; 
and  there  remained  a  deficiency  in  the  fact  that  one 
did  not  know  how  the  urine  passed  during  the  whole 
twenty-four  hours  was  influenced  by  the  dilierent  foods. 
This  blank  was  filled  up  by  Bleibtreu  and  Schultze.* 
These  authors  conducted  the  experiments  upon  them- 
selves, taking  for  a  few  days  in  succession  almost  entirely 
animal  food,  and  then  for  another  few  days  entirely 
vegetable  food.  The  urine  passed  during  a  space  of 
twenty-four  hours  was  then  examined. 

*  TjHlgcr's  Arohiv,  Bd.  45,  p.  401. 
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Bleibtreu  examined  liis  urine  after  three  days'  flesli 
diet  and  three  days'  vegetable  diet.  His  examination 
gave  the  following  results : 

After  After 
Flesh  Food.    Vegetable  Food. 

Total  nitrogen  eliminated    2i'4465  grms.      10-9217  grms. 

Urea    47-3882    „  19-8082  „ 

Nitrogen  in  urea   22113     „  9-2432  „ 

Uric  acid   0-859     „  0-791  „ 

Nitrogen  in  uric  acid    0-2863    „  0-2637  ,, 

Proportion  between  uric  acid  and  urea  1  to  55-16  1  to  25  04 

Nitrogen  in  uric  acid  :  nitrogen  in  i;rea  1  to  73-6  1  to  35-05 

From  a  series  of  very  carefully  conducted  experi- 
ments Schultze  found  that  his  excretion  of  urea,  on  the 
usual  mixed  diet,  varied  between  31  "647  and  33-8549 
grms.  in  twenty-four  hours ;  on  a  purely  flesh  diet  it 
was  raised  to  58'89  —  67'23 — •78  65  grms.,  successively, 
while  at  the  same  time  the  amount  of  uric  acid  reached 
1'3886  —  1-270  —  1-473  grms.  in  the  twenty-four  hours, 
his  normal  excretion  of  uric  acid  being  0-836  —  0-844 
grm.  per  diem.  If  the  excretion  of  uric  acid  was  raised 
by  means  of  animal  food,  the  urine  collected  during  the 
twenty-four  hours  deposited  numerous  crystals  of  uric 
acid ;  if  at  the  same  time  Schultze  took  a  considerable 
quantity  of  a  solution  of  bicarbonate  of  soda,  and  also 
abstained  from  tobacco  and  alcohol,  the  uric  acid 
remained  in  solution,  although  the  percentage  was  not 
influenced  in  this  way. 

During  the  course  of  the  experiments  fever  and 
malaise,  accompanied  by  headache,  appeared  one  day ; 
the  diet  on  this  day  was  mixed,  but  not  very  abundant. 
In  twenty-four  hours  37-08  grms.  urea  and  1-2687  grms. 
uric  acid  were  excreted ;  consequently,  while  the  excre- 
tion of  urea  was  nearly  normal,  the  excretion  of  uric 
acid  was  almost  as  much  increased  as  by  a  large  quantity 
of  animal  food. 
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Hirschfeld  *  also  found  that  the  daily  excretion  of  uric 
acid  was  comparatively  independent  of  the  food.  On  a 
diet  very  poor  in  nitrogen  he  excreted  daily  0"417  grm. 
uric  acid ;  on  one  rich  in  albumen  0"386  grm.,  and  on  a 
highly  albuminous  diet  0  492  grm. 

On  the  other  hand,  the  urea  was  proved  to  be  entirely 
dependent  upon  the  amount  of  albumen  consumed,  rising 
and  falling  in  proportion  to  the  quantity  of  nitrogenous 
food  digested. 

These  investigations  strongly  indicate  that  uric  acid 
is  formed  by  the  destruction  and  disintegration  of  the 
constituents  of  the  body — processes  which  are  decidedly 
influenced  by  the  food,  but  not  in  proportion  to  the 
amount  of  albuminous  substances  consumed.  On  the 
other  hand,  the  urea  excreted  can  be  doubled  or  in- 
creased even  in  a  higher  degree,  if  a  large  quantity  of 
easily-digestible  albuminous  food  is  taken. 

Pathologists  have  for  a  long  time  endeavoured 
to  find  out  whether  the  urea  and  uric  acid  excreted 
with  the  urine  stand  in  constant  proportion  to  each 
other. 

So  long  as  the  generally  accepted  opinion  was  that 
the  uric  acid  arose  from  oxydation  of  albuminous  sub- 
stances, and  could  be  changed  hy  further  oxydation 
within  the  body  mto  urea,  it  Ibllowed  that  of  the  total 
amount  of  nitrogen  excreted  Avith  the  urine  a  certain 
portion  was  thrown  out  as  uric  acid,  the  rest  as  urea. 
Many  writers  accepted  the  existence  of  such  a  constant 
proportion,  and  endeavoured  to  estimate  the  normal 
relation.  Haig  f  is  one  of  the  last  that  has  arrived  at 
such  an  estimate.    According  to  him,  the  normal  ratio 

*  Vlrchow's  Arckiv,  Bd.  117,  p.  301. 

t  S.  Schmidt's  Jahrbiicher,  1.  1888,  u.  St.  Bartholomew's  Hospital 
Report,  1890. 
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is  1  of  uric  acid  to  33  of  urea,  and  every  departure  from 
this  is  pathological. 

This  theory  is  overthrown  both  by  the  investigations 
of  Horbaczewski,*  which  show  that  the  proportion  can 
vary  from  hour  to  hour,  and  by  the  experiments  of 
Bleibtrenf  and  Schultze,J  whereby  it  was  established 
that  the  proportion  can  readily  be  changed  by  means  of 
the  diet  without  the  general  health  being  influenced. 
Entirely  similar  conclusions  appear  to  follow  from 
Stadthagen's  §  experiments  on  patients  suffering  from 
leucocythsemia,  who  were  fed  in  different  ways.  These 
experiments  will  be  given  later  in  detail. 

Hirschfcld||  and  several  other  German  researchers 
found,  as  already  stated,  that  by  taking  an  increased 
quantity  of  albumen  in  the  diet  the  excretion  of  urea 
could  be  markedly  raised,  whilst  the  uric  acid  was 
affected  in  a  less  degree.  In  conclusion  may  be  men- 
tioned the  reliable  reports  of  Busquet^  on  the  case  of  a 
stout  chemist,  who,  in  order  to  get  rid  of  his  corpulency, 
lived  upon  a  very  limited  diet,  and  estimated  daily 
during  the  whole  hunger  cure  the  amount  of  urea  and 
uric  acid  excreted.  In  a  year  and  a  half  he  lost  in 
weight  32-5  kilogrammes  (his  weight  falling  from  107 
to  74-5  kUos.),  and  at  the  same  time  the  daily  excretion 
of  urea  feU  from  28  grms.  to  10,  while  the  uric  acid 
remained  stationary  at  about  0'6  grm.  per  diem.  It 
never  was  less  than  0-4  grm.,  and  on  the  last  examina- 
tion reached  even  1'02  grms.  per  diem.  In  this  investi- 
gation the  excretion  of  uric  acid  was  just  as  little  increased 

*  "Beitrage  zur  Kentniss  der  Bildimg  der  Harnsiiure  und  der 
Xantliin  bason." 

t  rjlin/cr's  Archiv,  Bd.  45.  J  Ibid. 

§  Virchow's  Archives,  Bd.  109,  p.  390. 
:  II  rircJioiv's  ArchhH's,  Bd.  114,  p.  301. 
II  Ecvite  du  mvilevinc,  1892,  p.  672. 
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by  an  abundance  of  food,  as  it  was  diminished  by  a 
long-continned  scarcity  of  it,  while  the  urea  showed 
itself  directly  proportional  to  the  quantity  of  albumen 
consumed. 

Haig's  conclusions  upon  the  disturbances  in  the 
circulation,  in  the  arterial  tension,  etc.,  which  are  said  to 
result  from  every  departure  from  the  normal  proportion, 
1  to  33,  have  therefore  no  j^oint  cVappui.  We  must 
regard  the  excretion  of  uric  acid,  in  each  individual,  as 
a  fairly  constant  quantity,  changes  in  which  indicate 
variations  in  the  metabolism  of  the  body ;  and  in  order 
to  establish  their  degree  and  importance,  we  should 
not  compare  the  daily  excretion  of  uric  acid  with  that 
of  m-ea. 

The  fact  that  the  production  of  uric  acid  is  increased 
in  a  whole  series  of  diseases,  characterised  by  the  forma- 
tion and  destruction  of  a  large  number  of  leucocytes, 
corresponds  with  the  rule  laid  down  by  Horbaczewski : 
that  there  exists  a  constant  proportion  between  the 
number  of  white  corpuscles  in  the  blood,  and  the  amount 
of  uric  acid  secreted. 

Foremost  among  such  diseases  is  leucocythsemia. 
Very  many  observations  have  been  made  upon  the  con- 
dition of  uric  acid  in  this  disease,  only  some  of  which 
will  be  introduced  here.  Laache*  affirms  that  the 
amount  of  uric  acid  can  rise  to  4  grms.  in  the  twenty-four 
hours,  and  has  himself  observed  in  a  person  suffering 
from  this  complaint  a  daily  excretion  of  3  7  gnus. 
Bartels  f  observed  in  a  case  of  splenic  leucocytha^mia,  a 
daily  excretion  of  4  gi-ms.  uric  acid ;  and  in  another  case 
of  IcucocythjBmia,  accompanied  by  enormous  enlargement 

*  "Klinischo  TJrinanalysc,"  1892,  p.  31. 

t  Bculschus  Archiv  f.  klin.  Med.    Bd.  i.,  p.  13. 
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of  the  spleen,  concretions  from  the  size  of  a  hemp  seed 
to  that  of  a  pea  were  passed. 

Bohland  and  Scherz*  by  means  of  carefully  con- 
ducted examinations  according  to  Fokker's  method, 
fomid  a  decidedly  increased  nric  acid  excretion  in 
patients  suffering  from  leucocythsemia.  In  one  case  it 
was  1'227  grms.  per  diem  ;  and  on  later  examinations  as 
much  as  1"4223.  In  another  case  the  increase  was  less 
pronounced. 

Stadthagenf  made  a  comparative  estimation  of 
the  urine  of  a  healthy  person,  of  a  leucocythcemic,  and 
of  pseudo-leucocytha;mic.  The  healthy  person  gave  o& 
in  twenty-four  hours  33'0  grms.  urea  and  0  577  grm. 
uric  acid(l  in  59);  the  pseudo-leucocythjcmic  32-65  grms. 
urea  and  0'490  uric  acid  (1  in  66'6) ;  the  leucocythsemic 
30  66  grms.  urea  and  2  grms.  uric  acid  (1  in  15-33).  Now 
the  increased  excretion  of  uric  acid  could  not  be  due  to 
the  weakening  nature  of  the  disease,  as  in  the  pseudo- 
leucocythaBmic  there  was  no  increase.  Nor  was  the 
food  the  important  consideration,  as  it  was  the  same  for 
the  three  individuals.  Moreover,  Stadthagen  brought  the 
excretion  of  urea  down  to  22-72  grms.  by  means  of  a  vege- 
tarian diet,  while  the  uric  acid  remained  unchanged — 1-91 
grms.  On  a  purely  albuminous  diet  the  urea  rose  con- 
siderably, but  the  uric  acid  was  not  appreciably  increased. 
On  2-5  grms.  urate  of  soda  being  mixed  with  the  food  of 
a  leucocythsemic  patient,  various  symptoms  were  set  up, 
such  as  malaise,  palpitation,  etc.,  but  there  Avas  no 
increased  excretion  of  uric  acid. 

Eichorst  %  gives  reliable  examinations  of  the  urme  in 

*  PJilger's  Archiv,  Bd.  47,  p.  13. 
t  rirchow's  Archiv,  Bd.  109,  p.  390. 

X  Handbuch  der  Therapie  u.  rathologie.     3  Aufl.  1S87.     Bd.  14, 
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two  patients  affected  with  splenic  pseudo-leucocythienna. 
In  them  the  amount  of  uric  acid  was  not  abnormally 
large ;  on  some  days  it  amounted  to  1  grm.  or  still  more, 
but  on  most  occasions  the  quantity  was  very  low — 0  3 
to  0'2  ffrm. — or  so  small  that  the  amount  could  not 
be  estimated. 

Certain  poisons  appear  to  increase  the  production  ot 
uric  acid.  Bartels  *  observed  this  in  a  case  of  carbon 
monoxide  poisoning,  the  amount  of  uric  acid  excreted 
being  abnormally  large  during  the  first  three  days  of 
the  poisoning,  but  sinking  again  on  the  appearance  of 
convalescence. 

Other  poisons  also  show  a  similar  power.  Frankel 
and  Rohmann  t  induced  an  increased  excretion  of  uric 
acid  in  hens,  by  depriving  them  of  food,  and  giving  them 
phosphorus  in  toxic  doses;  bvit  it  has  not  yet  been 
proved  that  the  same  thing  takes  place  in  mammalia 
and  human  beinsrs. 

Horbaczewski,  moreover,  gives  examples  of  different 
febrile  diseases,  especially  pneumonia,  accompanied  by 
leucocytosis  and  increased  secretion  of  uric  acid.  Similar 
conditions  prevail  in  the  early  stage  of  carcinoma, 
especially  when  the  development  is  rapid,  and  more  par- 
ticularly in  carcinoma  of  the  liver.  In  one  case  reported 
the  uric  acid  varied  between  0  9  and  1'5  grms.  per  diem, 
and  a  like  proportion  is  said  to  be  found  in  commencing 
cirrhosis  of  the  liver. 

In  cases  of  severe  burns  also  an  abundant  secretion 
of  uric  acid  takes  place.  A  boy  of  fifteen,  who  had  more 
than  a  third  of  his  body  covei-ed  with  burns,  gave  oft"  on 
the  third  day  after  the  accident  0'97  grin,  uric  acid ; 

*  Beutsrhcs  ytrchiv  filr  Idin.  Me:1.    ]Jd.  i.  p.  13. 
t  "  «S.  Horbaczewski."    Loc.  cit.,  p.  3G. 
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on  the  fifth  1-22,  and  on  the  seventh  1-87,  while  the 
total  amount  of  nitrogen  in  the  urine  was  not  unusually 
large — as,  for  example,  15"57  grms.  on  the  seventh  clay. 
The  temperature  was  not  high,  remaining  about  38°  C, 
so  that  the  increase  of  uric  acid  could  not  be  attributed 
to  fever. 

Just  as  those  morbid  states,  which  are  accompanied 
by  an  abundant  formation  and  disintegration  of  leuco- 
cytes, cause  an  excessive  excretion  of  uric  acid,  so  Hor- 
baczewski  has  found  that  those  drugs  and  poisons, 
which  increase  the  number  of  leucocytes  in  the  blood, 
also  increase  the  excretion  of  uric  acid,  and  that  various 
drugs  of  an  opposite  class,  which  prove  of  service  in 
leucocythsemia,  also  diminish  the  uric  acid  excretion. 

Pilocarpine  very  quickly  brings  about  a  considerable 
leucocytosis.  Experiments  on  four  healthy  people 
showed  that  in  one  hour  after  the  administration  b}- 
the  mouth  of  10  milligrammes  of  pilocarpine,  the  white 
blood  corpuscles  were  increased  25  to  34-5  per  cent. ;  in 
the  course  of  a  few  hours  they  were  sometimes  increased 
48  per  cent.,  and  at  the  same  time,  or  very  soon  after 
this  marked  rise,  the  uric  acid  excretion  was  decidedly 
greater,  and  in  one  case  rose  from  33  milligrammes  to 
56  milligrammes  per  two  hours. 

Alcohol  is  one  of  those  poisons  which  increase  the 
formation  of  uric  acid.  Chittenden*  gave  to  big  dogs 
2-5  cc.  of  alcohol  for  every  kilogramme  of  their  body 
weight,  and  found  that  the  total  amount  of  nitrogen 
remained  unchanged — in  one  case  it  was  even  dimin- 
ished— while  the  uric  acid  was  almost  doubled,  and 
remained  in  this  proportion  for  several  days  after  the 
administration  of  the  alcohol. 


*  Schmidt's  Jahrhiicher ,  1892,  p.  61. 


THE   UKIC   ACID  DIATHESIS. 


37 


Camerer*  found  tliat  after  partaking  largely  of 
alcohol  he  excreted  much  more  uric  acid  than  usual, 
namely,  in  the  joroportion  3  of  uric  acid  to  100  of  urea. 

By  means  of  experiments  which  I  made  on  myself 
I  found  that  a  moderate  amount  of  alcohol  (half  a  bottle 
of  light  claret  and  about  70  to  80  grms.  of  port  wine) 
caused  a  decided  increase  of  uric  acid.  While  on  a 
diet  excluding  alcohol  the  average  daily  excretion  of 
uric  acid  was  about  O'G  grm.,  on  one  containing  alcohol 
it  was  09918  grm.  by  Gowland-Hopkins'  method  of 
estimation,  or  0-9947  grm.  by  the  Fokker-Salkowsld 
method. 

Bodily  exercise  must  be  mentioned  among  those 
factors  which  increase  the  excretion  of  uric  acid.  After 
rather  active  muscular  exercise  in  the  saddle  my  excretion 
of  uric  acid  was  on  each  occasion  considerably  increased. 
Two  experiments  were  made,  eight  days  elapsing  betAveen 
them  ;  and  the  excretion  rose,  by  this  means,  from  about 
0-6  grm.  to  0-981  to  0'985,  and  in  the  second  experiment 
to  1-089  grms. 

Quinine  and  atropine  have  quite  an  ojoposite  effect, 
and  diminish  the  number  of  leucocytes  in  the  blood, 
as  well  as  the  wric  acid  excreted. 

Antipyrine  and  antifebrine  appear,  according  to  Hor- 
baczewski's  researches,  to  behave  in  a  paradoxical  manner; 
the  number  of  leucocytes  in  the  blood  being  always 
increased  by  these  drugs,  but  the  excretion  of  uric  acid 
diminished.  The  explanation  of  these  phenomena  is  still 
wanting.  Horbaczewski  supposes  that  the  leucocytosis 
set  up  by  pilocarpine  is  due  to  excessive  new  formation 
of  leucocytes,  and  is  followed  by  their  rapid  disin- 
tegration. Accordingly,  one  finds  that  the  spleen  is  at 
the  same  time  enlarged,  and  caryocinetic  changes  can  bo 

*  Deutsche  mod.  Wochcnsch.,  1891,  No.  10  u.  11. 
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made  out  in  its  lymphatic  tissue.  On  the  other  hand,  the 
leucocytosis  of  antipyrine  and  antifebrine  is  said  to  be 
brought  about  by  a  preservation  of  the  leucocytes.  If 
the  corpuscles  are  formed  in  normal  quantity,  but  have 
an  abnormally  long  existence,  leucocytosis,  without  an 
increase  of  uric  acid  formation,  can  be  explained. 

It  has  already  been  mentioned  that  the  administra- 
tion of  nuclein  can  increase  the  uric  acid  excretion  in  a 
healthy  person,  also  that  after  a  plentiful  meal,  con- 
sisting largely  of  flesh,  both  the  number  of  leucocytes  in 
the  blood  and  the  excretion  of  uric  acid  quickly  rise. 
Horbaczewski  showed  that  decided  leucocytosis  was 
brought  about  by  nuclein.  Five  grammes  suspended  in 
water  increased  the  number  of  leucocytes  from  6800  to 
12450  per  cc.  in  one  experiment,  from  4080  to  7350 
in  a  second,  and  from  4800  to  7700  in  a  thu'd.  The 
individuals  experimented  upon  had  fasted  for  eighteen 
hours  before  the  nuclein  was  administered,  and  took 
their  first  meal  two  and  a  half  to  three  hours  later,  the 
blood  cells  having  been  previously  counted. 

From  the  investisfations  here  enumerated  we  draw 
the  following  conclusions  : — 

1.  Uric  acid  is  formed  in  the  body  by  the  disintegra- 
tion of  the  albuminous  substances  of  its  tissues,  especially 
of  the  nuclein  or  nucleins. 

2.  The  excretion  of  uric  acid  becomes  increased  or 
diminished  by  all  factors  (diseases,  medicines,  poisons, 
etc.)  which  give  rise  to  a  more  rapid  or  slower  dis- 
integration of  the  cellular  elements  of  the  body,  and 
especially  of  the  leucocytes. 

3.  The  taking  of  food,  especially  flesh  food,  causes  a 
temporary  leucocytosis  (digestive),  this  leucocytosis 
probably  arising  from  the  nuclein  of  the  food. 

4.  The  amount  of  uric  acid  excreted  in  twenty-four 
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hours  is  not  influenced  to  a  great  extent  by  food.  There 
is,  however,  this  distinction  noticeable :  the  easily  di- 
gestible anhnal  albumens  set  up  digestive  leucocytosis 
and  formation  of  uric  acid  much  quicker  than  the  vege- 
table albumens,  which  are  difficult  to  digest. 


THE  URIC  ACID  CONTAINED  IN  THE  BLOOD. 

Garrod^  showed  in  1848  that  a  small  quantity  of 
uric  acid  can  be  found  in  the  blood  of  healthy  persons, 
and  that  the  quantity  in  the  blood  of  a  person  suffering 
from  a  gouty  inflammation  of  a  joint  is  much  mcreased. 
This  can  be  readily  demonstrated  both  by  the  murexid 
test  and  the  thread  experiment.  The  latter  is  conducted 
by  placing  a  fine  cotton  thread  in  serum  derived  from 
the  blood  itself,  or  the  fluid  raised  by  a  blister,  and 
acidulating  well  with  strong  acetic  acid  ;  if  the  serum 
contains  a  considerable  quantity  of  uric  acid  it  will  form 
numerous  crystals  along  the  thread  in  the  course  of 
24  to  48  hours,  so  that  it  looks  like  the  thread  in  candy 
sugar  when  seen  with  the  naked  eye,  or  by  means  of 
a  magnifying  glass. 

The  soundness  of  this  experiment  has  often  been 
called  in  question.  Pfeifferf  has  affirmed,  in  accordance 
with  his  theory,  that  this  experiment  only  proved  that 
the  uric  acid  existed  in  the  blood  in  a  difficultly  soluble 
modified  form,  but  not  that  it  was  increased  in  quantity. 
He  also  was  of  opinion  that  serum  could  hold  in  solution 
only  a  very  small  amount  of  uric  acid,  and  that  the 

*  Mcdico-Chinirg.  Transactions,  1848,  p.  83. 

+  "  Verb,  dos  Congresses  fiir  inucrc  Medicin,"  1889,  p.  1G6. 
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large  quantity  of  uric  acid  found  by  Garrod  can  by  no 
means  be  dissolved  in  serum.  The  results  of  several 
experiments  liave  convinced  me  that,  within  certain 
limits,  a  very  considerable  amount  of  uric  acid  can  be 
dissolved  in  serum. 

This  has  now  also  been  demonstrated  by  Eoberts,* 
who  shows  that  the  deposition  of  uric  acid  crystals 
upon  the  thread  is  more  marked,  as  the  solution  of  uric 
acid  is  the  more  concentrated. 

On  the  9th  of  March,  1892,  I  dissolved  some  uric 
acid  in  pure  ascitic  fluid,  obtained  from  the  body  of  a 
man  who  had  died  of  aneurism  of  the  aorta.  The  thread 
experiment  gave 

Pure  ascitic  fluid    No  crystals. 

1  Part  uric  acid  to  4,000  ascitic  fluid       ...  No  crystals. 

1       ,,  ,,       2,000     „       ,,         ...  A  few  crystals. 

1       ,,  ,,       1,000     ,,       .,         ...  Yery  many  crystals. 

On  the  5th  April  ascitic  fluid,  obtained  by  tapjDing  a 
patient,  was  examined — 

1  of  uric  acid  to  2,000  ascitic  fluid       ...       Tery  many  crystals. 
1       „       „      3,000     „       „         ...  Ditto. 
1       „       ,,     5,000     „       „         ...       Somewhat  less. 

On  the  11th  April  ascitic  fluid,  freshly  taken  from 
the  body  of  a  man  eighty  years  of  age,  was  mixed 
with  an  alkaline  solution  of  uric  acid  in  the  following 
proportions — 

1  of  uric  acid  to  2,000  of  fluid. 
1       „       „     3,000  „ 
1       „       „     5,000  „ 

All  three  mixtures  showed,  after  forty-eight  hours, 
abundant  crystallisation,  Avhich  agrees  with  the  observation 

*  "Uric  Acid,  Gravol,  and  Gout."    Lond.,  1S92. 
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of  Garrod*  ttiat  serum,  containing  per  thousand  parts 
0-2  or  more  of  uric  acid,  shows  abundant  deposition  of 
uric  acid  crystals. 

Only  a  few  estimations  of  the  amount  of  uric  acid  in 
the  blood  have  been  made.  Salomon  I  found  uric  acid 
in  the  blood  of  four  patients  suffering  from  pneumonia 
and  gouty  arthritis.  In  diabetes  meUitus,  nephritis,  and 
acute  rheumatism  the  result  was  negative. 

Abeles  J  was  able  to  demonstrate  uric  acid  in  the 
blood  of  a  man,  who  had  died  by  hanging,  four  hours 
after  his  death.  We  can,  however,  draw  accurate  con- 
clusions from  blood  taken  from  the  living  only,  as  the 
possibility  is  not  excluded  either  that  uric  acid  can 
be  formed  by  commencing  putrefaction  {vide  Horbac- 
zewski's  researches),  or  that  it  may  escape  detection  by 
undergoing  further  oxydation  after  death. 

V.  Jaksch  §  has  taken  up  these  investigations  with 
abundant  material,  and  all  the  precautions  necessary  for 
such  intricate  experiments ;  100  to  300  grms.  of  abso- 
lutely pure  blood  were  received  in  a  cupping  glass. 
The  amount  of  uric  acid  was  estimated  by  the  Ludwig- 
Salkowski  method  after  the  albuminous  substances  had 
been  precipitated  by  heating,  the  blood  being  diluted 
with  three  to  four  parts  of  water,  and  slightly  acidulated 
with  acetic  acid.  The  albumens  were  removed  from 
the  fluid  by  filtration,  some  phosphate  of  soda  added, 
and  the  estimation  of  uric  acid  could  then  be  continued 
in  the  same  way  as  in  the  examination  of  urine. 

•  "  Natur  n.  Boliandlung  dor  Gicht,"  p.  56. 
t  "Charito  Annalen,"  1878,  p.  139. 

X  Wien.  mecl.  Jahrb.,  f.  1887  ;  S.  Hinseh-Virchow's  Juhrcshcrkht  ftir, 
1887,  i.  p.  130. 

§  Uber  die  klin.  Bcdcntung.  "  Von  IIarn.s;iurc  uud  Xarithinbascn  im 
Blut."  1890. 
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Moreover,  the  results  of  the  exammation  were  con- 
trolled by  means  of  experiments  Avith  a  solution  of  uric 
acid  in  the  blood  of  animals,  and  it  was  shown  by  these 
that  almost  the  entire  amount  of  uric  acid  dissolved  in 
the  blood  could  be  estimated. 

V.  Jaksch  did  not  find  uric  acid  in  the  blood  of 
healthy  persons,  which  he  attributed  to  the  fact  that 
he  had  not  such  a  large  quantity  of  blood  at  his  disposal 
as  Garrod,  and  had  to  be  satisfied  Avith  100  to  200  grms. ; 
300  grms.  Avere  available  in  one  case  only. 

In  his  Avork  v.  Jaksch  gave  the  results  of  the 
examination  of  the  blood  in  ninety-four  patients,  Avhom 
he  arranged,  rather  dogmatically,  in  different  groups. 
Of  such  he  mentions  diseases  of  nervous  system,  typhoid 
and  other  acute  fevers,  diseases  of  the  liver,  the  spleen, 
the  stomach,  and  the  peritoneum  ;  diseases  of  the  heart, 
of  the  pericardium  and  blood-vessels,  of  the  lungs  and 
pleurai ;  acute  rheumatism,  diseases  of  the  kidney,  and 
anaemia. 

In  twenty-two  cases  examined  of  diseases  of  the 
nerA^ous  system  uric  acid  Avas  found  in  the  blood  only 
in  one  case,  and  this  patient  Avas  affected  Avith  pachy- 
meningitis, jaundice,  and  septicaemia,  and  could  not  be 
exactly  characterised  a  nervous  case.  In  the  examina- 
tion of  ten  patients  Avho  suffered  from  typhoid  fever  no 
uric  acid  Avas  found  during  the  fever.  In  one  case,  in 
which  the  blood  Avas  taken  Avhile  the  patient  had  already 
commenced  the  non-febrile  stage,  a  small  quantity  onl}- 
of  uric  acid  Avas  found. 

In  diseases  of  the  abdominal  organs  the  results  varied. 
In  one  case  of  splenic  tumour  (sarcoma  ?)  a  considerable 
amount  of  uric  acid  Avas  found  in  the  blood.  The  same 
condition  prevailed  in  hypertrophic  cirrhosis  of  the  liA-er 
and  in  carcinoma  ventriculi.    On  the  other  hand,  in  a 
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series  of  other  diseases  of  these  organs  no  uric  acid  or 
only  a  trace  of  it  was  found. 

In  ten  cases  of  disease  of  the  heart  or  large  blood- 
vessels the  result  was  negative,  or  there  were  only  traces 
of  uric  acid.  In  one  case  of  pericarditis  and  double 
pleurisy  a  very  considerable  quantity  was  found,  namely, 
0'0117  grm.  of  uric  acid  in  122  grms.  of  blood. 

A  considerable  proportion  of  uric  acid  was  present  in 
the  blood  of  six  patients  afflicted  with  pneumonia. 

The  blood  was  examined  in  eleven  patients  with 
kidney  disease,  and  contained  uric  acid  in  nine  cases, 
in  many,  indeed,  in  considerable  amount ;  moreover,  the 
two  negative  cases  should  be  excluded,  as  the  amount 
of  blood  examined  was  only  7-7  grms.,  and  a  positive 
result  was  not  to  be  expected  from  so  small  a  quantity. 
The  proportion  of  uric  acid  was  particularly  large  in  the 
cases  of  gi-anular  kidney  and  uremia. 

Finally,  uric  acid  was  found  in  the  blood  in  cases  of 
advanced  anaemia,  especially  when  the  decrease  in  the 
number  of  red  blood  cells  was  accompanied  by  an 
increase  in  the  leucocytes,  as  for  example,  in  a  case 
of  pernicious  antemia,  in  Avhich  the  number  of  red 
blood  corpuscles  was  1,060,000  per  c.c,  while  the  white 
numbered  9,186. 

V.  Jaksch  concluded  from  his  researches  that  antemia 
specially  favoured  the  occurrence  of  uric  acid  in  the 
blood,  and  sought  the  explanation  of  this  phenomenon 
in  the  fact  that,  according  to  his  conception,  most  of  the 
uric  acid  formed  in  the  body  became  further  oxydised  in 
the  blood  by  the  activity  of  the  red  blood  corpuscles. 
If  the  number  and  activity  of  these  were  diminished,  in 
his  opinion  the  uric  acid  remained  unchanged,  and  was 
stored  uj)  in  the  blood  as  such. 

It  is  very  possible  that  the  red  blood  cells  have  such 
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an  action,  but  we  must  not  forget  that  in  all  cases  of 
ansemia,  in  which,  a  considerable  proportion  of  uric  acid 
has  been  demonstrated  in  the  blood,  a  decided  increase 
in  the  number  of  leucocytes  was  also  present,  and, 
according  to  the  experiments  of  Horbaczewski,  the 
formation  of  uric  acid  will  be  directly  increased  by  the 
leucocytes.  The  condition  of  affairs  in  pneumonia  is 
more  likely  to  be  due  to  an  excessive  production  of  uric 
acid,  arising  from  the  abundant  formation  and  disin- 
tegration of  cells,  which  takes  place  in  this  disease. 
V.  Jaksch  believes  that  the  normal  amount  of  uric  acid 
is  formed,  but  that  the  blood  having  only  an  imperfect 
supply  of  oxygen  the  uric  acid  cannot  undergo  further 
oxydation. 

On  the  whole,  we  are  convinced,  on  an  examination 
of  V.  Jaksch's  table,  that  there  are  undoubted  signs  of 
an  unusual  abundant  formation  and  an  active  disinteo-ra- 
tion  of  the  cells  of  the  body  in  almost  all  the  cases  in 
which  a  distinct  reaction  of  uric  acid  was  found  in  the 
blood.  We  also  find  occasional  exceptions,  as,  for  in- 
stance, the  presence  of  uric  acid  in  emphj^sema  with 
cyanosis,  but  the  diagnosis  was  only  briefly  stated,  and 
perhaps  the  explanation  of  this  phenomenon  might  be 
found  by  sufficient  investigation  into  the  history  of  the 
patient. 

V.  Jaksch  was  unable  to  show  an  increase  in  the 
quantity  of  uric  acid  in  the  blood  of  febrile  patients,  due, 
probably,  either  to  the  uric  acid  becoming  quickly 
oxydised  in  the  febrile  state,  or  to  its  rapid  elimination 
by  the  kidneys. 

In  diseases  of  the  kidney  he  almost  always  got  uric 
acid  in  the  blood,  which  can  only  be  explained,  as  v. 
Jaksch  himself  believes,  by  the  excretion  of  uric  acid 
being  imperfect  and  slow  in  these  diseases. 
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When  V.  Jakscli  published  his  work  in  1890  he 
could  not  have  been  acquainted  with  the  researches  of 
Horbaczewsld ;  although  his  explanation  of  the  facts  dis- 
covered differs  widely  from  the  conception  of  Horbac- 
zewski,  it  is  evident  from  an  analysis  of  his  results  that 
almost  in  all  respects  they  are  in  favour  of  uric  acid 
being  a  product  of  the  tissues  of  the  body,  and  derived 
from  the  disintegration  of  the  nuclein. 


THE   CHEMICAL   COMPOUNDS   OF   URIC  ACID 
IN  THE  BLOOD  AND  URINE. 

We  have  as  yet  discussed  only  the  percentage  of 
uric  acid  in  the  blood  and  urine  without  taking  into 
consideration  the  chemical  compounds  which  it  forms 
with  them.  It  is  usual,  in  the  text-books  of  physi- 
ology and  chemistry,  to  describe  uric  acid  as  a  dibasic 
salt,  which  can  form  neutral  and  acid  salts  with  the 
alkalies.* 

The  neutral  compound  can  only  be  prepared  by 
dissolving  pure  uric  acid  in  a  solution  of  caustic  soda  or 
potash,  and  evaporating  to  dryness,  without  the  entrance 
of  air.  This  compound  is  readily  soluble  in  water  (1  in 
44),  but  so  unstable  that  it  is  rapidly  decomposed  by 
carbonic  .acid,  and  forms  then  the  acid  salt.  As  uric 
acid  circulates  in  the  blood  before  it  is  excreted  in  the 
urine,  and  as  the  blood  always  contains  carbonic  acid, 
this  cornpoimd  can  never  be  formed  in  the  body,  and  we 
need  not  refer  to  it  again. 

•  T'idc-,  for  example,  "  Lchrbuch  dcr  Chcmio  fiir  Mediciucr,"  1831, 
by  W'eyl. 
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The  acid  compounds  of  uric  acid  with,  the  alkahes, 
and  especially  the  acid  urate  of  soda — the  biurate,  as  it 
is  shortly  called — constitute  the  chief  components  of 
gouty  tophi.  This  has  often  been  demonstrated,  and 
was  verified  by  the  latest  researches  of  Ebstein  and 
Spragiie.* 

Sprague  found  on  analysis  of  these  tophi  that  they 
consist  of  72-112  per  cent,  of  uric  acid  salts,  and  27-85 
per  cent,  of  organic  material.  57-2  per  cent,  of  the  whole 
mass  was  urate  of  soda,  and  12-93  per  cent,  urate  of 
potash.  It  is,  moreover,  usually  supposed  that  uric  acid 
occurs  in  the  blood  and  urine  as  an  acid  compound — 
the  biurate — and  that  this  salt  under  circumstances  is 
precipitated  as  lateritious  deposit. 

Koberts  f  has  called  this  old  view  in  question .  He 
examined  this  sediment,  after  it  had  been  purified,  as 
far  as  possible,  by  filtration,  washing  with  rectified  spirit, 
and  drying.  On  microscopic  examination  it  is  seen  to 
consist  of  the  well-known  amorphous  deposit,  mixed 
with  a  few  crystals  of  uric  acid.  On  the  addition  of  a 
few  drops  of  distilled  water  to  the  deposit,  it  is  evident 
that  the  amorj^hous  urate  of  soda  is  an  unstable  com- 
pound ;  it  rapidly  forms  a  large  amount  of  uric  acid 
crystals,  while  the  amorphous  mass  melts  do^vn  and  dis- 
appears. If  this  decomposition  is  maintained  for  thirty 
to  fifty  minutes,  by  continuing  to  add  drops  of  water, 
the  whole  visual  field  becomes  covered  with  large  uric 
acid  crystals,  while  the  amorphous  deposit  entirely 
A'^anishes. 

This  simple  experiment  is  very  easily  conducted, 
and  always  gives  the  same  result.    It  shows  that  the 

*  V/rc/ioiv's  Archiv,  Btl.  125,  p.  208. 
t  Lancet,  June  IStli,  1892, 
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amorphous  urate  of  soda  is  an  unstable  compound, 
which,  on  the  addition  of  water,  decomposes  into  uric 
acid  and  a  soluble  compound.  This  decomposition  also 
takes  place  in  the  urine,  though  somewhat  more  slowly  ; 
and  that  is  the  reason  why  crystals  of  uric  acid  are 
always  found  in  the  amorphous  sediment  of  urine  which 
has  stood  for  twenty-four  hours  or  more. 

An  English  chemist,  Bence-Jones,*  showed,  before 
Roberts,  that  by  dissolving  uric  acid  in  a  pure  solution  of 
caustic  potash  or  soda,  and  adding  acetic  acid  till  an  acid 
reaction  was  given,  a  compound  was  formed  cousistmg  of 
four  equivalents  of  uric  acid  with  one  equivalent  of  soda. 
This  formed  an  amorphous  deposit  very  like  the  sediment 
of  urine,  and  was  shown  to  be  a  quadriurate  by  Eence- 
Jones. 

Bence-Jones  did  not  carry  the  investigation  farther. 
Roberts  then  took  up  the  question,  and  endeavoured  to 
prove  that  the  artiticially-produced  quadriurate  was 
identical  with  the  urine  sediment.  It  is  impossible  to 
obtain  a  large  quantity  of  the  latter  sufficiently  pure  for 
quantitative  analysis.  A  sufficient  quantity  can  only  be 
got  by  letting  the  urine  stand  for  twenty-four  hours,  and 
by  that  time  decomposition  and  the  formation  of  uric 
acid  crystals  has  already  commenced.  Roberts  obtained 
the  sediment  by  dissolving  bicarbonate  of  soda  in  urine 
till  it  became  alkaline,  heating  the  mixture  in  a  flask  to 
100''  C,  and  shaking  up  for  a  minute  with  pure  uric  acid. 
By  this  means  a  large  amount  of  the  uric  acid  was 
dissolved.  The  solution,  while  still  warm,  was  filtered, 
and  cooled  rapidly  under  running  water.  It  then  gave 
an  abundant  deposit,  which  was  removed  by  filtration, 
washed  with  alcohol,  and  dried  at  the  temperature  of  the 


*  Journal  of  The  Chemical  Socicti/,  18G2,  p.  212. 
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body.  A  still  better  result  is  obtained  by  dissolving  3 
parts  of  acetate  of  soda  in  100  parts  of  urine,  instead  of 
the  bicarbonate  of  soda.  On  quickly  cooling  a  deposit 
is  got,  as  stated  above,  which  in  all  respects  corresponds 
to  the  urine  sediment,  and  is  also  decomposed  into  uric 
acid  and  a  soluble  salt  on  the  addition  of  water.  On 
cooling  slowly  a  crystalline  substance  se23arates,  which 
exhibits  the  same  form  of  crystals  as  found  in  the  urine 
of  birds  and  reptiles. 

Wlien  a  portion  of  the  deposit  formed  in  this  way  was 
weighed,  mixed  with  1000  times  the  amount  of  distUled 
water,  heated  till  dissolved,  and  left  standing  for  forty- 
eight  hours,  a  large  quantity  of  uric  acid  crystals  was 
precipitated.  These  were  removed  by  filtration,  washed 
with  alcohol,  dried,  and  weighed.  In  Hke  manner  the 
uric  acid  remaining  in  solution  was  deposited  by  the 
addition  of  hydrochloric  acid,  washed,  dried,  and  weighed. 
It  was  then  found  that  the  amount  of  uric  acid  which 
separated  of  its  own  accord  from  the  solution  of  amor- 
phous sediment  was  almost  exactly  equal  to  the  quantity 
remaining  in  solution,  which  was  precipitated  by  the 
hydrochloric  acid. 

An  exactly  similar  result  was  reached  on  examining 
the  urine  of  birds;  but  in  reptiles  the  excretion  of  uriue 
takes  place  at  so  long  intervals,  that  it  imdergoes  decom- 
position while  still  in  the  urinary  passages, 

By  this  experiment  it  was  also  shown  that  in  all 
probability  the  compound  of  uric  acid  and  soda,  which 
constitutes  the  amorphous  sediment,  contains  exactly 
twice  as  much  uric  acid  as  the  salt  which  is  soluble  in 
water. 

The  artificially  prepared  deposit  was  subjected  to 
quantitative  analysis  with  the  following  result.  In  1  '328 
Grrms.  of  the  dried  sediment  were  found  : — 
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Uric  acid 
Potash 
Soda 
Ammonia 
Water  ... 


M13  grm. 
0-065  ,, 
0-027  „ 
0-008  „ 
0115  „ 


The  amount  of  uric  acid  reckoned  necessary  to  form  a 
.quadriurate  is  1"102  grm. 

According  to  these  researches,  it  is  evident  that  the 
urine  sediment,  which  exactly  resembles  the  artificial 
quadiiurate  in  appearance,  chemical  reactions,  etc.,  has 
also  the  same  chemical  composition;  and  that  this  is 
also  true  of  the  compounds  of  uric  acid  in  solution  in 
the  urine. 

The  quadriurate  is  decomposed,  not  only  by  distilled 
water,  but  also  by  almost  all  other  fluids  except  the  urine. 
There  it  likewise  undergoes  decomposition,  but  more 
slowly  than  in  water;  in  hot  alkaline  urine  a  large 
quantity  of  the  quadriurate  can  be  dissolved,  but  falls 
doAvn  again  on  cooling. 

The  decomposition  of  the  urine  sediment  takes  place 
in  the  following  way : — The  sediment  splits  up  into  uric 
acid,  which  separates  in  the  usual  crystalline  form,  and 
biurate,  which  remains  in  solution  in  the  urine,  and 
again  forms  quadriurate  with  the  acid  phosphates  of 
the  alkalies.  The  newly-formed  quadriurate  next  de- 
composes, and  this  goes  on  till  all  the  sediment  has 
formed  crystals  of  uric  acid ;  or,  as  usually  happens, 
alkaline  fermentation  sets  in  and  causes  quite  another 
decomposition.  If  most  of  the  crystalline  constituents 
of  the  urine  are  separated  by  dialysis,  the  decomposition 
of  the  quadriurates  takes  place  much  quicker.  These, 
however,  are  not  at  all  equally  able  to  keep  the  quadri- 
urate in  solution:  according  to  Koberts,  the  urea  is  of 
minor  importance  in  this  respect,  the  chlorides  and 
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sulphates  have  more  mfluence,  and  the  neutral  phosphatic 
salts  are  specially  important.  A  two  per  cent,  solution 
of  neutral  phosphate  of  potash  can  hold  the  quadriurate 
in  solution  as  long  as  urine  can.  The  pigment  appears 
to  be  of  some  importance.  If  the  urine  is  passed  through 
a  carbon  filter,  and  so  decolorised,  the  quadriurate  is 
quickly  precipitated  and  very  rapidly  decomposed. 
Roberts  also  calls  attention  to  the  fact  that  the  reaction 
of  the  urine  has  great  influence  on  the  quadriurates :  in 
very  acid  urine  the  decomposition  takes  place  rapidly, 
even  when  it  does  not  contain  a  very  large  amount  of 
uric  acid  ;  in  neutral,  and  still  more  so  in  alkaline  urine, 
the  quadriurate  is  held  in  solution  for  a  long  time. 

Riidel  *  has  brought  forward  another  explanation  of 
the  compounds  of  uric  acid  in  the  urine.  It  follows  ironx 
what  has  been  already  mentioned,  that  uric  acid  is  pre- 
cipitated in  an  alkaline  solution  by  acidulating  with 
hydrochloric  acid,  but  that  a  large  quantity  of  hydro- 
chloric acid  is  necessary  for  this  purpose  ;  and  indeed  so 
much  has  to  be  used,  that  a  portion  of  the  uric  acid  is 
again  dissolved.  Since  he  considered  that  uric  acid 
existed  as  a  biurate  in  the  urine,  he  looked  for  a  substance 
which,  when  combined  with  it,  offered  more  resistance 
to  acids  than  to  alkalies,  and  believed  that  he  had 
discovered  this  substance  to  be  urea. 

His  experiments  showed,  that  by  adding  to  an 
alkaline  solution  of  uric  acid  two  per  cent,  of  urea  (about 
the  normal  proportion  in  urine),  the  uric  acid  formed  a 
more  stable  compound,  and  was  precipitated  only  by  a 
considerable  excess  of  hydrochloric  acid. 

When  to  an  alkaline  solution  of  uric  acid,  6  per  cent, 
of  urea  and  then  sulphuric  acid  are  added,  a  fiocculent 

*  Arehiv  f.  experim.  Palhol.  uni  Pharmac.    Bd.  30,  p.  469. 
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precipitate  falls  down:  these  flakes  and  fragments 
gather  into  a  mass,  70  to  80  per  cent,  of  which  is 
again  dissolved  by  heating.  Riidel  obtained  a  sufficient 
amount  of  this  deposit  for  quantitative  analysis,  by 
which  he  found  that  urea  and  uric  acid  existed  in  it 
in  such  proportions  that  he  considered  it  an  acid  urate 
of  urea.  Riidel  believes  that  he  discovered  also  a  neutral 
urate  of  urea ;  while  the  acid  salt  is  precipitated  by  a 
6  per  cent,  solution  of  urea,  the  neutral  compound 
requires  10  per  cent,  for  its  formation. 

Riidel  concluded  from  his  researches  that  uric  acid 
exists,  in  the  urine  of  man,  in  combination  with  urea,  as 
an  easily  soluble  compound,  and  that  this  is  decomposed 
only  by  the  addition  of  a  larger  quantity  of  acid  than  is 
necessary  to  obtain  an  acid  reaction. 

Riidel,  not  being  apparently  acquainted  with  the 
researches  of  Roberts,  made  his  experiments  only  with 
artificiall^r-prepared  solutions  of  uric  acid :  the  constitu- 
tion of  these  solutions  differs  so  widely  from  that  of 
urine,  that  it  is  impossible  to  form  any  conclusions  on 
the  condition  of  uric  acid  in  the  urine  from  the  results  of 
his  experiments. 

Roberts  endeavoured  to  solve  the  question  of  the 
composition  of  the  uric  acid  circulating  in  the  blood. 
Gouty  tophi  consist  of  biurate,  but  this  salt  is  almost 
insoluble  in  serum,  even  at  the  body  temperature  only 
in  the  proportion  of  1  in  10,000.  When  most  of  the  salts 
are  removed  from  the  serum  by  dialysis,  the  biurate 
is  much  more  soluble,  and  almost  the  same  amount  will 
dissolve  as  in  water,  i.e.  1  in  1,000.  If  5  grms.  chloride 
of  soda  and  20  grrns.  bicarbonate  of  soda  are  dissolved 
in  100  grms.  of  water,  which  is  about  the  proportion 
of  these  salts  contained  in  blood  scrum,  the  ability  of  the 
water  to  dissolve  the  biurate  is  so  diminished  that  onlv 
d2 
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traces  of  it  can  be  taken  up.  All  salts  of  soda,  but 
especially  the  chloride,  decrease  the  solubility  of  the 
biurate  in  water ;  this,  however,  is  not  the  case  with  the 
salts  of  potash,  Compounds  of  hme,  magnesia,  and 
ammonia  have  a  similar  action  to  the  soda-salts  upon 
the  solubility  of  the  biurate  in  water,  but  their  effect  is 
not  so  marked. 

In  the  above-mentioned  solution  of  chloride  and  bi- 
carbonate of  soda,  pure  uric  acid  was  dissolved  in  the 
proportion  of  1  in  500.  After  a  few  days  a  deposit, 
consisting  of  acid  urate  of  soda  (biurate)  formed.  Uric 
acid  behaves  in  an  identical  manner  in  blood  sermn. 
In  both  cases  the  formation  of  this  deposit  depends  on 
the  circumstance  that  uric  acid  becomes  soluble  as  the 
quadriurate,  but  in  a  short  time  breaks  up  into  the 
biurate,  which  is  very  insoluble,  and  so  is  deposited. 

If  uric  acid,  m  the  proportion  already  referred  to 
(1  in  500),  is  dissolved  in  serum,  the  deposition  of  the 
biurate  begins  in  twelve  hours,  and  is  finished  in  four 
days ;  by  that  time  no  traces  of  uric  acid  can  be  found 
in  the  fluid.  Synovia  resembles  serum  in  this  respect, 
but  the  deposition  of  the  biurate  takes  place  more 
rapidly. 

The  uric  acid  salts  are  met  with  in  two  forms — an 
amorphous,  non-crystalline  form,  and  a  cr^'^staUine  form. 
The  non-crystalline  form  of  the  biurate  is  prepared  by 
heating  a  saturated  solution  of  urate  of  soda  or  am- 
monia with  an  equal  quantity  of  alkaline  chloride  or 
phosphate,  and  then  cooling.  The  biurate  falls  doAvn  as 
a  structureless  mass,  Avhich  is  gradually  transformed 
into  crystals. 

Biurate,  being  more  easily  and  more  quickly  soluble 
in  hot  than  in  cold  water,  is  probably  explained  by 
the  fact  that  it  takes  the  non-crystaUme  form  after 
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solution  in  hot  water.  This  is  shown  by  the  following 
experiment : — A  saturated  solution  of  crystalline  biurate 
of  soda  is  made,  and,  after  filtration,  mixed  Avith  an 
equal  quantity  of  a  20  per  cent,  solution  of  sodium 
chloride ;  in  this  mixture  there  forms  an  abundant 
amorphous  sediment,  which  is  removed  by  filtration,  and 
purified  by  washing  with  cold  water.  It  is  readily 
soluble  in  blood  serum  at  37°  C. 

An  amorphous  modilied  form  of  the  quadriurate  also 
can  be  obtained,  by  heating  a  5  per  cent,  solution  of 
phosphate  of  soda  with  an-  excess  of  uric  acid,  filtering 
while  still  hot,  and  cooling  the  filtrate.  There  then 
falls  down  a  gelatinous-  precipitate  which  can  be  dried 
between  two  sheets  of  blotting-jDaper,  and  on  the  addition 
of  distilled  water,  is  converted  into  the  biurate  and  uric 
acid.  In  Roberts'  opinion  the  amorphous  form  of  the 
uric  salts  is  a  hydrate,  and  the  crystalline  form  an 
anhydrate. 

The  researches  of  Eoberts  establish  that,  normally, 
uric  acid  exists  in  the  blood  as  a  quadriurate,  and  as  such 
is  excreted  in  the  urine ;  under  special  circumstances  the 
quadriurate  is  split  up  within  the  body  into  biurate 
and  uric  acid,  and  the  latter  is  then  eliminated  by  the 
kidneys ;  or  the  quadriurate  may  be  transformed  in  the 
blood  into  biurate,  which  gives  rise  to  the  deposition  of 
this  difficult  soluble  compound  in  different  parts  of 
the  body. 

The  special  conditions  of  this  pathological  form  of 
the  quadriurate  will  be  considered  in  the  following 
chapters. 
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GOUT— ARTHRITIS   URATICA— ETIOLOGY  AND 
PATHOGENESIS. 

The  most  recently  published  researches  on  the  nature 
and  origin  of  uric  acid  have  been  reviewed  in  the  pre- 
ceding pages.  It  was  shown  that  its  excretion  varied 
according  to  age,  diet,  and  physiological  states,  and  was 
influenced  by  certain  medicines  and  poisons  and  various 
diseases.  Its  chemical  compounds  in  the  blood  and 
urine  were  then  discussed,  and  mention  was  made  of  the 
various  conditions,  which  so  alter  the  constitution  of 
these  fluids  that  the  uric  acid  salts  are  readily  decom^ 
j)osed  or  deposited.  The  theories  of  those  authors  who 
have  investigated  the  subjects  of  gout  and  gravel  will 
now  be  shortly  given ;  and  it  will  be  seen  how  far 
these  theories  correspond  with  the  results  of  obser- 
vation, and  can  give  a  satisfactory  explanation  of  the 
clinical  symptoms  and  pathological  conditions  of  these 
diseases. 

Since  Garrod*  called  attention  to  the  fact  that  uric 
acid  could  be  demonstrated  in  the  blood  of  the  subjects 
of  gout,  but  not  in  the  blood  of  the  healthy,  or  those 
suftering  from  other  diseases,  almost  all  authors  who 
have  made  a  study  of  gout  have  admitted  that  this  fact 
may  be  considered  a  constant  occurrence.  On  the  other 
hand,  the  opinions  as  to  what  causes  this  increased 
amount  of  uric  acid  in  the  blood,  and  the  relation  of 
this  abnormal  state  of  the  blood  to  the  pathology  of 
gout,  differ  widely  from  each  other. 

According  to  Garrod,t  the  following  is  the  origin  of 
gout : — The  disease  appears  to  depend  upon  a  temporary 

*  Medico-chirurgical  Transactions;  1848. 
fyatur  und  BchaMlung  dor  Gicht,  1861,  p.  206. 
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or  continuous  decrease  in  the  ability  of  the  kidneys  to 
excrete  uric  acid,  and  all  the  symptoms,  both  of  the 
acute  attack  and  the  more  chronic  conditions,  are  caused 
by  overcharging  of  the  blood  with  uric  acid.  Naturally, 
the  course  of  the  disease  will  be  accelerated  when  an 
increased  quantity  of  uric  acid  is  formed  in  the  body. 
In  order,  however,  to  explain  the  origin  of  the  disease, 
a  hyperproduction  of  uric  acid  is  not  necessary,  but 
only  a  retention. 

Garrod  has  endeavoured  to  support  this  opinion  by 
analyses,  both  of  the  blood  and  the  urine.  He  found  in 
the  blood,  as  already  often  stated,  an  excess  of  uric  acid, 
and  in  the  urine  a  distinct  decrease  of  uric  acid  in 
chronic  gout,  and  also  in  acute  cases,  except  during  the 
attack  proper.  The  state  of  affairs  was  rather  different 
during  the  gouty  paroxysm.  At  the  commencement  the 
proportion  of  uric  acid  was  considerably  diminished ; 
towards  the  end  of  the  attack  it  largely  increased,  and 
could  rise  even  above  the  normal.  After  the  attack  it 
was  again  small,  but  only  reached  the  minimum  shortly 
before  the  next  attack. 

It  is  to  be  regretted  that  Garrod  made  use  of  such 
unreliable  methods  in  all  his  analyses  that  his  results 
cannot  be  put  forward  as  demonstrations  of  fact.  The 
examination  of  the  blood,  in  a  few  cases,  was  made  by  a 
somewhat  modified  form  of  Heintz's  method ;  in  the 
most  of  them  he  used  only  the  thread-experiment,  by 
means  of  which  one  can  certainly  show  the  presence  of 
uric  acid  in  the  blood,  but  can  form  only  an  approximate 
estimation  of  its  quantity  All  the  examinations  of 
urine  were  conducted  after  Heintz's  method,  and  cannot 
therefore  be  considered  trustworthy. 

Only  a  few  researches  for  the  purpose  of  estimating 
the  quantity  of  uric  acid  in  the  blood  of  gouty  subjects 
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have  been  made  by  recent  writers.  Salomon*  alone 
worked  with,  a  reliable  method  of  examination ;  he 
found  a  small  quantity  of  uric  acid  in  the  blood  of  three 
patients  during  the  attack,  bu(,  could  find  none  except  at 
that  time. 

V.  Jaksch,t  it  is  true,  made  a  long  series  of  estimates 
of  uric  acid  in  blood,  but  he  did  not  take  up  the  study 
of  gout. 

A  trustworthy  method  of  estimating  uric  acid  in  the 
urine  had  not  then  been  often  employed.  Even  those 
authors  who,  like  EbsteinJ  and  Pfeiffer,§  have  specially 
studied  the  uric  acid  diathesis,  were  contented  with 
Heintz's  method.  Only  during  the  last  few  years  do  Ave 
possess  chemical  analyses  performed  by  an  unimpeachable 
method. 

Camerer  ||  found  in  the  urine  passed  in  twenty- 
four  hours  the  following  proportion  of  urea  and  uric 
acid : — 


Urea. 

Uric  Acid. 

Urea. 

:  Uric  Acid. 

Grm. 

Orm. 

1. 

Man,  36  years  of  age ;  |  a  year 

after  last  attack  of  gout 

36'0 

0  92  = 

100 

:  2-5 

2. 

Man,  36  j'ears  of  age ;   ^  year 

after  last  attack  of  gout 

27-1 

0-75  = 

100 

:  2-8 

3.. 

Man,  56  years  of  age ;  3  weeks 

after  last  attack  of  gout 

23-7 

0-73  = 

100 

:  3-1 

4. 

Man,  54  years  of  age ;  6  to  7  days 

after  last  attack  of  gout 

18-4 

0-55  = 

100 

:  3 

5. 

Man,  54  years  of  age  ;  f  year 

after  last  attack  of  gout  ... 

23-8 

0-72  = 

100 

:  3 

Second  estimation  ... 

25-5 

0  76  = 

100 

:  3-1 

*"Charite,  Annalen,"  1878,  p.  137. 

t  "  IJebcr  die  klin,  Bedentung  der  Harusaiire,"  etc.,  1890. 

I  "  Verhandlungen  des  Congresses  fiir  innere  Mcdicin,"  Wiesbaden, 
1889. 

§  Ibid. 

II  Deutsche  med.  Wochmischrift,  1892,  p.  413  ff. 
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His  investigations  indicate  that  the  excretion  of  uric 
acid  in  gouty  patients  does  not  distinctly  differ  from  the 
normal  proportion,  or,  at  any  rate,  is  not  increased. 

Pfeiffer*  has  given  in  his  last  work  a  series  of 
examinations,  conducted  after  Ludwig's  or  Salkowski's 
method.  The  quantities  found  by  him  were  calculated 
per  100  kilogrammes  of  the  body  weight,  in  order  that 
they  might  be  directly  compared  with  each  other.  He 
found  that  in  health  the  excretion  of  uric  acid  decreased 
in  proportion  to  the  age.  In  the  first  ten  years  it  is 
1'250  to  1-311  grms.;  then  it  gradually  shows  a  further 
decrease,  and  reaches  the  minimum  in  old  age.  A  man 
65  years  of  age  showed  0  616  grm.  excretion  of  uric  acid 
per  100  kilogrammes  of  body  weight,  one  86  years  of 
age  only  0*577  grm. 

Pfeiffer  compares,  then,  the  analyses  of  the  urine 
in  gouty  patients  in  whom  the  complaint  had  not  yet 
become  chronic  with  that  of  the  healthy,  and  gives  his 
results  in  the  following  table  : — 

Age.  Gouty  Subject.  Healthj-  Subject. 

30  to  40  ...       0-885  grm   0-965  grm. 

40  to  50  ...       0  818     ,,    0-882  „ 

50  to  60  ...       0-701     „    — 

60  to  70  ...       0-661     „    0-752  ,, 

All  were  reckoned  per  100  kilogr.  body  weight.  The 
excretion  of  uric  acid  was  always  rather  less  in  the  gouty 
subjects  than  m  the  healthy  persons  of  the  same  age. 

The  proportion  is  rather  different  in  gouty  patients 
who  have  already  shown  chronic  changes,  such  as  abun- 
dant tophi,  thickened  arteries,  albuminuria,  and  such 
like.  Pfeiffer  considers  that  he  found  in  the  urine  of 
these  patients  an  increased  proportion  of  uvic  acid,  but 


*  Berlirwr  klin.  Wochcnsch.,  1892,  p.  -li:!  11'. 
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only  a  slight  one.  While  the  average  excretion  in 
healthy  people  of  thirty-five  to  sixty-five  years  of  age 
reached  0-860  grm.  per  kilogr.  of  body  weight,  it  was 
0  9 73  grm.  in  eleven  patients,  aged  thirty-six  to  sixty- 
nine  years,  the  subjects  of  chronic  gout. 

In  his  most  recent  work  Ebstein  *  has  also  given  a 
few  estimations  of  uric  acid  by  Fokker's  method.  One  of 
the  patients  examined,  a  man  forty-eight  years  old,  with 
marked  gouty  affection  of  the  joints,  with  tophi  in  his 
ears,  etc.,  eliminated  on  one  occasion,  at  the  end  of  an 
attack,  0'5736  grm.  in  twenty-four  hours;  on  another 
day  0'8258  grm.  At  the  close  of  a  second  attack  the 
same  individual  excreted  0'3458  grm.  of  uric  acid  in 
one  day. 

On  the  whole,  so  few  estimations  of  the  urine  of 
gouty  subjects  have  been  made  by  a  good  method  of 
analysis,  that  I  am  justified  in  giving  a  small  number 
of  examinations  conducted  for  me  after  the  Fokker- 
Salkowski  method  by  my  assistant,  Herr  Beyer. 

The  patient,  who  was  about  sixty  years  of  age,  had 
his  first  attack  of  gout  in  1873,  and  then  a  fresh  attack 
each  spring.  At  first  only  the  metatarso-phalangeal  joint 
of  the  great  toe  was  affected,  at  a  later  period  also  the 
ankle  and  knee  joints.  In  1879  he  had  a  very  violent 
and  prolonged  attack,  with  pains  in  both  knee  and  anlde 
joints.  After  this  the  attacks  were  of  short  duration,  but 
during  the  intervals  of  attack  there  was  some  irritability 
and  stiffness  of  the  affected  joints.  In  Februar}^,  1892, 
he  suffered  again  from  a  slight  attack,  Avith  swelling 
and  pain  in  both  knee  joints.  The  urine  passed  every 
twenty-four  hours  was  collected,  and  the  uric  acid 
estimated. 

*  "  Beitriige  zur  Lchre  von  der  Hamsaureu  Diathese,"  1891. 
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The  urine  contained 

On   3rd  February 
4th  „ 
5th 

7th  „ 
8th  „ 
9th 

15th  ,, 

During  the  last  eight  days,  from  the  8th  to  the  15th 
of  Febinary,  1  grm.  of  piperazine  was  given  daily.  The 
average  amount  of  uric  acid  eliminated  was  '578  grm- 
per  diem,  or  0-720  per  100  kilogr.  body  weight,  since  the 
patient  weighed  80  kilogr.  This  almost  corresponds  with 
Pfeiffer's  data  of  the  average  excretion  of  uric  acid  in 
gouty  subjects  from  fifty  to  sixty  years  of  age,  but  is 
rather  less  than  his  figures  for  healthy  persons  of  the 
same  age.  It  follows  also  from  my  investigations,  as 
Avell  as  from  those  of  Camerer,  Pfeiffer,  and  Ebstein, 
already  referred  to,  that  the  excretion  of  uric  acid  in  the 
gouty  is  of  variable  amount.  It  can  without  hesitation 
be  asserted  that  it  is  not  gi-eater  than  in  healthy  persons 
of  the  same  age,  but  it  cannot  be  determined  in  what 
degree  it  is  always  diminished  from  the  few  estimations 
put  forward.  In  the  first  place,  it  is  easy  to  understand 
that  the  excretion  of  uric  acid,  which  is  so  quickly  and 
easily  infiuenced  by  various  extraneous  circumstances  in 
the  healthy,  as  shown  by  Horbaczewski,  will  probably  be 
subject  to  greater  variations  in  the  gouty. 

The  retention  in  the  blood  of  a  large  quantity  of  uric 
acid  is  by  no  means  to  be  expected.  If  there  is  reason 
to  suppose  that  the  kidneys  excrete  less  than  the  normal 
quantity  of  uric  acid  in  many  cases  of  gout,  the  daily 
quantum  must  cither  be  very  small,  or  the  uric  acid 
decomposes  in  the  blood  into  more  soluble  compounds 


0'.")32  grm.  uric  acid. 

0-430  „ 

0-480  „ 

0-682  „ 

0-831  „ 

0-499  „ 

0-593  „ 
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If  it  were  not  so  the  gouty  toplii  Avould  assume  much 
larger  dimensions  than  are  met  with.  It  may  here  be 
mentioned  that  Salomon*  was  able  to  find  uric  acid 
only  in  fresh  blood  of  the  gouty.  When  it  was  kept  for 
twenty- four  hours  at  37°  C.  the  uric  acid  disappeared. 

Ebstein  is  also  of  Garrod's  opinion,  that  the  deposi- 
tion of  biurate  of  soda  in  the  cartilages,  joints,  sub- 
cutaneous tissues,  etc.,  of  gouty  subjects  is  caused  by 
an  increased  proportion  of  uric  acid  in  the  blood  ;  but 
he  does  not  think  that  this  arises  from  an  affection  of 
the  kidneys.  Pathological  changes  in  the  kidneys  have 
decidedly  been  observed  in  gout,  and  in  these  cases  they 
very  early  become  extremely  atrophied,  with  irregular, 
uneven  surfaces,  thickened  capsules,  and  the  deposition 
of  uric  acid  in  the  tubuli  uriniferi  or  the  interstitial, 
tissue.  This  form  of  gout — primarily  an  affection  of  the 
kidneys — is  comparatively  rare.  More  frequently,  accord- 
ing to  Ebstein,  the  kidneys  remain  for  a  long  time  healthy, 
and  there  may  be  found  at  the  autopsy  extensive  changes 
in  the  articulations,  etc.,  without  any  naked-eye  or  micro- 
scopic signs  of  disease  in  the  kidneys. 

Ebstein's  theory  is  that  the  excess  of  uric  acid  in  the 
blood  is  caused  by  a  very  plentiful  ibrmation  of  this 
substance  in  the  body;  he  believes,  moreover,  that  in 
gout  the  formation  of  uric  acid  takes  place  in  parts  of 
the  body  which  normally  do  not  produce  uric  acid — as, 
for  example,  the  bone-marrow,  cartilages,  etc. 

The  lymph,  as  at  a  later  date  the  blood,  contains  a 
larger  quantity  of  uric  acid  than  normal,  but  the  normal 
proportion  is  again  reached  by  an  increased  excretion  of 
uric  acid  by  the  kidneys,  or,  perhaps,  by  its  decomposi- 
tion in  the  blood.  When,  however,  from  any  cause  the 
lymph  charged  with  uric  acid  moves  more  slowly,  or 

*  Loc.  cit. 
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cannot  proceed  farther,  the  so-called  premonitory  symp- 
toms— such  as  feeling  of  tiredness,  vague  pains,  and  so 
on — make  their  appearance,  and  if  an  actual  stasis  of 
the  lymph  stream  supervenes,  the  typical  attack  of  gout 
is  suddenly  developed.  The  uric  acid  in  a  concentrated 
solution  acts  like  a  chemical  poison,  causes  morbid  pro- 
cesses in  the  tissues,  and  can  give  rise  to  necrobiotic 
chans^es. 

The  uric  acid  is  deposited  in  the  tissues  only  when 
the  process  of  necrosis  has  reached  a  certain  degree ; 
Avhen  it  has  not  advanced  to  this  degree  all  local 
symptoms  can  again  disappear,  and  the  joint  may  return 
to  a  comparatively  normal  condition. 

According  to  Ebstein,  this  theory  is  siipported  by 
various  experiments.  He  found  on  dissolving  the  uric 
acid  salts  deposited  in  the  cartilages  of  gouty  subjects, 
that  the  cartilage  did  not  appear  normal,  but  showed 
destructive  changes  as  far  as  the  layer  of  uric  acid  had 
reached.  Occasionally  the  destruction  extended  even 
farther,  and  he  found  in  the  gouty  joints  portions  of 
cartilage  in  which  destructive  processes  were  developing, 
but  which  contained  no  uric  acid  salts.  The  uric  acid  in 
solution,  consequently,  does  not  act  as  a  chemical  poison 
till  the  reaction  of  the  tissues  has  been  chansfed  from 
alkaline  to  acid  by  their  necrosis,  and  the  uric  acid  is 
then  deposited  as  the  biurate  of  soda. 

Ebstein  has  experimented  on  birds  and  reptiles,  the 
urine  of  which  consists  almost  exclusively  of  luic  acid 
salts.  When  both  ureters  were  ligatured  in  hens,  and 
the  blood  thereby  saturated  with  uric  acid,  there  occurred 
processes  of  necrosis  in  the  liver  and  nuiscular  substance 
of  the  heart,  which  became  infiltrated  with  uric  acid  salts, 
and  caused  inflammatory  changes  in  the  surrounding 
tissues.    Necrotic  processes  did  not  occur  in  the  kidneys, 
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although,  uric  acid  salts  were  deposited  in  the  tubuli 
uriniferi.  By  the  injection  of  a  solution  of  chromate  of 
potash  under  the  skin  of  hens,  necrotic  changes  were  set 
up  in  the  kidneys,  and  deposition  of  uric  acid  salts  took 
place  in  the  necrosed  parts. 

Ebstein's  theory  explains  in  an  ingenious  way  the 
origin  of  the  acute  attack  of  gout,  as  well  as  the  chronic 
symptoms ;  but  the  theory  can  hardly  hold  its  ground, 
and  his  method  of  proof  presents  many  assailable 
points. 

The  experiments  performed  upon  birds  can  have 
no  weight  in  the  consideration  of  what  takes  place  in 
mammals  and  human  beings,  without  further  investi- 
gation. The  urine  of  birds  contains  almost  uric  acid 
salts  alone,  and  ligature  of  the  ureters  will  therefore  cause 
an  extreme  overcharging  of  the  blood  with  uric  acid. 
Such  a  thing  cannot  take  place  in  mammals,  as  in  them 
uric  acid  constitutes  only  a  small  fraction  of  the  nitro- 
genous substances  eliminated  in  the  urine. 

Moreover,  by  ligature  of  the  ureters  a  condition  is 
established  which  corresponds  to  urtemia,  and  not  to 
gout.  Ebstein's  theory  is  based  on  the  supposition  that 
uric  acid  forms  in  parts  of  the  body  which  normally 
take  no  part  in  the  formation  of  uric  acid,  or,  at  any  rate, 
do  so  to  a  very  slight  extent.  But  it  is  shown  by  the 
investigations  of  Horbaczewski  that  all  tissues  of  the 
body,  and  especially  those  which  abound  largely  in 
cellular  elements,  take  part  in  the  production  of  uric 
acid;  and  for  this  reason  Ebstein's  theorj''  falls  to  the 
ground. 

Pfeiffer  has  shown,  by  means  of  subcutaneous  in- 
jection of  uric  acid  salts,  that  a  solution  of  them  can  set 
up  decided  pain  and  irritation,  but  cannot  cause  necrosis, 
especially  in  the  degree  of  concentration  in  which  they 
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can  be  said  to  occur  in  the  bod}^  This  might  take  place 
with  a  sohition  of  uric  acid  which,  under  such  circum- 
stances, acts  as  a  powerful  irritant,  but  uric  acid  occurs 
in  the  body  only  in  combination  with  alkalies.  In 
opposition  to  Ebstein's  theory,  Pfeilfer  brings  forward 
the  fact  that,  with  the  exception  of  during  the  acute 
paroxysm,  gouty  subjects  excrete  less  uric  acid  than 
those  who  are  in  health.  (Vide  page  57.)  According  to 
Ebstein's  theory  they  should  give  off  a  larger  quantit}'- 
than  healthy  subjects,  as  they  form  a  larger  quantity 
of  uric  acid,  and  the  kidneys  perform  their  functions 
normally. 

In  Pfeiffer's  opinion  both  gout  and  gravel  are  due  to 
the  fact  that  in  these  affections  (i.e.  in  the  uric  acid 
diathesis)  uric  acid  is  produced  and  excreted  in  a 
difficultly  soluble  modified  form.  As  these  patients 
excrete  on  an  averasre  less  uric  acid  than  those  in  health 
the  blood  becomes  overcharged  with  it,  and  the  uric  acid 
salts  are  deposited  in  different  parts  of  the  body  un- 
noticed, and  without  symptoms  of  irritation.  According 
to  Pfeiffer,  the  attacks  of  gout  occur  when,  from  any 
cause,  the  alkalinity  of  the  blood  becomes  so  great  that 
it  dissolves  the  already  deposited  urates.  These  then 
give  rise  to  irritation  and  inflammation,  as  was  the  case 
in  the  experiments  made  by  him  with  subcutaneous 
injections  of  a  uric  acid  solution. 

This  opinion  Pfeiffer  thinks  is  supported  by  his 
observation  that  acids,  especially  salicylic  acid  in  large 
doses,  quickly  alleviate  pain  in  attacks  of  gout,  while  it 
is  increased  by  the  administration  of  alkalies. 

Although  this  observation  may  bo  quite  correct,  it  is 
not  easy  to  follow  the  working  out  of  the  result.  That  is 
to  say,  it  is  by  no  means  so  easy  to  change  the  alkalii\ity 
of  the  blood  by  the  administration  of  acids.  Pfeiffer 
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prescribed  5  to  8  grm.  hydrochloric  or  phosphoric  acid 
daily,  and  believed  to  have  so  changed  the  reaction  of 
the  blood  that  subcutaneous  injections  of  uric  acid 
solutions  were  painless. 

Other  observers,  as,  for  example,  Freudberg,*  have 
made  very  careful  investigations  into  the  effect  of  various 
acids  and  alkalies  upon  the  reaction  of  the  blood  and 
urine.    Freudberg  found  that  4  to  8  grm.  per  diem  of 
the  official  hydrochloric  acid  did   not  at  all  change 
the  reaction  of  the  blood ;  10  to  30  grm.  of  lactic  acid 
diminished  its  alkalinity  by  ^th  to  |th  ;  5  to  10  grm.  of 
tartaric  acid  by  |th.  Doses  of  5  to  15  grm.  of  bicarbonate 
of  soda,  in   some  cases,  increased  its  alkalinity  by 
^th  ;  in  other  cases  the  reaction  was  the  same  as  before 
the  experiment.    As  Pfeiffer  used  in  his  experiments 
chiefly  hydrochloric  acid,  it  is  probable  that  the  blood 
of  the  individuals  experimented  upon  had  the  same 
reaction  after  the  administration  of -the  acid  as  it  had 
before. 

In  another  respect  also  Pfeiffer's  theory  rests  on  a 
feeble  foundation.  According  to  his  view,  uric  acid  is 
produced  and  excreted  in  a  difficultly  soluble  form  in 
this  diathesis,  so  that  the  urine  ought  also  to  show 
unusual  chemical  conditions.  In  Heintz's  method  for 
the  precipitation  of  uric  acid  in  the  urine  by  hydro- 
chloric acid,  usually  only  part  of  the  uric  acid  is 
separated,  and  a  considerable  quantity  can  still  be  found 
by  the  Ludwig-Salkowski  silver  precipitation  method- 
According  to  Pfeiffer's  examinations  of  the  urine,  that 
jDortion  precipitated  by  the  addition  of  hydrochloric 
acid  appears  to  decrease  as  age  advances.  Moreover 
Pfeiffer  believes  to  have  found  that  when  the  urine  of  a 
gouty  subject  is  passed  through  a  uric  acid  filter  of 

*  Virchow's  Archiv  s,  Bd.  125,  p.  566. 
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0"5  grm.  uric  acid,  not  only  does  it  not  dissolve  uric  acid 
from  the  filter,  but  so  much  is  deposited  on  the  filter 
that  no  precipitation  of  uric  acid  takes  place  on  the 
addition  of  hydrochloric  acid  to  the  filtrate. 

Although  he  admits  that  sometimes  this  experiment 
fails,  without  palpable  cause,  yet  he  believes,  on  the 
whole,  it  is  so  trustworthy  that  it  can  be  used  as  a  test 
for  the  uric  acid  diathesis,  equally  applicable  whether 
this  appears  as  gout  or  gravel.  Healthy  urine  will  also 
give  up  its  uric  acid  in  the  same  Avay,  but  in  Pfeiffer's 
opinion  it  is  necessary  to  pass  it  through  a  much  larger 
quantity  of  uric  acid,  say  2  to  3  grms.  From  all  his 
investigations  PfeifFer  concludes  that  uric  acid  occurs  in 
healthy  urine,  in  an  easily  soluble  form,  while  in  gouty 
subjects  (except  during  the  acute  attacks),  and  in  those 
who  suffer  from  gravel,  it  appears  as  a  difficultly  soluble 
modification,  and  is  therefore  deposited  more  easily.  In 
his  opinion  the  uric  acid  changes  from  the  difficultly 
soluble  to  the  easily  soluble  form,  during  the  attack 
of  gout. 

Pfeiffer's  observations  have  been  confirmed  by 
Schetelig  *  and  Camerer  f ;  but  have  been  strongly 
attacked  by  Ebstein,J  Feliziani,§  and  Roberts.  ||  These 
writers  have  shown  by  many  experiments  that  filtration 
with  the  uric  acid  filter  gives  very  variable  results. 
Feliziani  examined  the  urine  in  13  cases  of  gout,  and 
found  that  the  uric  acid  was  separated  in  6  of  tbem  by 
this  means,  while  in  8  other  cases  a  considerable  quantity 
of  uric  acid  remained  in  sohition.    On  the  other  hand, 

•  Verhandliingen  dcs  Comjrcx.  fiir  inncrc  3Icd.    AVicsbadon,  1889. 
t  DeulHchc  mod.  Wochcn.sch.  1891,  10  u.  11. 
X  Ibid. 

$  Itevista  ffoier.  di  Clinic — S.  Rcvuo  des  Sciences  Med.  1890,  p.  4G0. 
II  lancet,  1890,  i.  p.  9. 
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numerous  experiments  with  healthy  urine  gave  evidence 
of  those  conditions  which  were  considered  by  Pfeiffer 
characteristic  of  the  uric  acid  diathesis. 

Roberts  has  pointed  out  that  almost  the  whole  pro- 
portion of  uric  acid  can  be  removed  by  passing  the  urine 
again  and  again  through  the  same  uric  acid  filter ;  the 
same  result  is  reached,  whether  the  urine  is  that  of  a 
healthy  or  of  a  gouty  person. 

In  any  case,  there  is  no  reason  to  suppose  that  in  this 
diathesis  uric  acid  is  formed  as  a  difficultly  soluble 
modification.  As  already  explained  on  page  51,  Roberts 
has  shown  that  the  decomposition  of  the  quadriurates 
in  the  urine  depends  upon  its  composition,  and  is 
accelerated  by  its  concentration,  by  a  strongly  acid 
reaction,  by  the  absence  of  neutral  phosphate  of  soda, 
chloride  of  soda,  and  pigment.  It  is  therefore  probable 
that  similar  conditions  give  rise  to  the  deposition  of  uric 
acid,  and  the  uric  acid  crystals  on  the  filter  act  onJy  b}'^ 
favourinff  the  collection  of  the  uric  acid. 

Among  the  theories  of  gout  we  may  also  mention 
Haiar's.*  He  believes  that  the  excess  of  uric  acid  in  the 
blood,  whether  it  be  due  to  hyperproduction  or  retention, 
shows  itself  first  of  all  as  an  irritation  of  the  vasa-motor 
nerves,  by  means  of  which  the  blood  pressure  is  raised  in 
the  arteries  and  particularly  in  the  smaller  vessels.  Accord- 
ing to  Haig,  the  increased  blood  pressure  can  give  rise  to 
a  whole  series  of  nervous  and  secretorj^  disturbances,  as 
a  result  of  which  he  details  numerous  conditions  (sucb, 
for  example,  as  migraine  and  epilepsy),  as  signs  of  the 
uric  acid  diathesis.  Haig's  view  has  not  received  con- 
firmation, and  is  not  borne  out  by  the  data  which  he 
brings  forward  in  its  support. 

Although  the  earlier  hypotheses  of  the  nature  of 

*  Lance'.,  1890,  ii.  p.  281,  and  St.  Baitli.  Hospital  Report,  1890. 
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gout  hardly  establish  themselves,  material  for  a  tenable 
theory  appears  to  be  aiforded  by  the  researches  of 
Roberts  and  Horbaczewski. 

It  may  at  once  be  admitted  that  an  abnormal  quan- 
tity of  uric  acid  is  found  in  the  blood  in  gout.  Upon 
this  point  all  pathologists  are  agreed,  and  all  observations 
indicate  that  the  symptoms  in  gout  can  arise  only  from 
this  chemical  constitution  of  the  blood. 

In  order  to  discover  the  conditions  under  which  the 
biurate  is  deposited  from  the  blood,  Roberts  endeavoured 
to  imitate  artificially  the  chemical  composition  of  the 
blood  serum  of  gouty  people.  He  dissolved  various 
amounts  of  pure  uric  acid  in  serum,  and  found  that  the 
appearance  of  the  fluid  changed  after  longer  or  shorter 
time  ;  it  became  turbid,  and  deposited  crystals  of  biurate 
at  first  only  in  microscopic  quantities,  but  later  also  in 
amount  quite  perceptible  to  the  naked  eye.  If  the  fluid 
was  kept  at  the  usual  room  temperature,  and  a  few  drops 
of  chloroform  added  to  keep  it  aseptic,  all  tbe  uric  acid 
was  thrown  down  after  a  few  days. 

The  more  uric  acid  dissolved,  the  more  quickly 
occurred  the  formation  and  deposition  of  the  biurates. 

Uric  Acid  dissolved 

in  Serum.  Deposition  of  Bim-ate  Crystals. 

1  in  1,000  after  6  hours  a  few  crystals.  After  14  hours  many. 

1  in  2,000     „    33       „          „  „       3  days  „ 

1  in  3,000    „     3  days           „  „     12    „    fairly  abundant. 

1  in  4,000     „      6    „             „  „     12  „ 

linS,000    „    13    „             „  „     30  „ 

1  in  6,000    ,,    14    „    no  crystals.  „    40    „      a  few. 

1  in  8,000    „    14    ,,           „  „    40    „      no  crystals. 

It  follows  from  this  experiment  that  an  excess  ot 
uric  acid  in  serum  cannot  remain  long  in  solution.  If 
the  uric  acid  is  not  eliminated  by  the  kidneys,  the 
E  2 
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increased  quantity  will  tend  to  its  deposition  in  tlie 
body  as  biurate. 

Koberts  does  not  say  how  the  retention  of  uric  acid  in 
the  blood  takes  place,  although  he  explains  the  origin 
and  all  the  symptoms  of  gout  by  such  a  retention. 

Only  two  explanations  of  the  overchargmg  of  the 
blood  with  uric  acid  appear  possible.  It  must  either  be 
formed  so  abundantly  that  some  is  stored  up  in  the 
blood,  although  the  normal  quantity  is  still  excreted ; 
or  the  production  of  uric  acid  being  normal,  or  even 
diminished,  an  abnormal  quantity  is  retained  in  the 
blood — in  other  words,  the  disease  must  be  caused  by 
a  functional  irregularity  of  the  kidneys.  There  is  still 
another  explanation  conceivable,  namely,  that  under 
normal  conditions  uric  acid  is  oxydised  in  the  blood  into 
a  more  soluble  substance,  while  in  gout  this  oxydation  is 
not  performed,  or  only  imperfectly  so. 

The  last  theory,  which  used  to  be  generall}^  accepted, 
must  now  be  entirely  abandoned.  The  more  recent 
researches  have  clearly  shown  that  uric  acid,  being 
formed  in  the  body  by  increased  activity  of  the  cellular 
elements,  is  very  rapidly  excreted  with  the  urine.  More- 
over, V.  Jacksch  has  shown  by  analysis  of  the  blood  that 
the  diseases  which  were  suspected  of  delaying  the  oxyda- 
tion of  the  uric  acid — as,  for  example,  diseases  of  the 
heart  and  lungs — do  not  lead  to  an  increased  proportion 
of  uric  acid  in  the  blood. 

There  remains,  therefore,  only  the  first  two  h3-po- 
theses  :  there  must  either  be  an  increased  production  of 
uric  acid,  or  it  is  with  difficulty  excreted  by  the  kidnej^s. 

We  shall  now  endeavour  to  show  that  increased  pro- 
duction alone  of  uric  acid  never  leads  to  gout,  but  that 
it  is  more  likely  that  changes  in  the  action  of  the  kidneys 
are  its  cause. 
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This  theory  has  abeady  been  given  by  Garrod,  but 
the  analyses  of  the  blood  and  urine,  by  which  he  sought 
to  estabhsh  it,  were  performed  by  unreliable  methods, 
and  cannot  be  put  forward  as  proofs.  Later  investiga- 
tions, however,  have  shown  that  in  all  probability  Garrod 
was  right.  There  has  already  been  given  (page  56)  a 
series  of  accurate  examinations  of  the  urine,  all  of  which 
show  that  the  excretion  of  uric  acid  is  not  greater  in 
gout  than  in  health,  but  that  it  is  much  more  common 
to  have  a  slight  decrease  in  the  daily  excretion. 

On  the  other  hand,  there  is  abundant  experience  to 
decide  that  an  increased  production  of  uric  acid  does  not 
lead  to  gout,  as  long  as  the  kidneys  retain  their  normal 
functions  ;  while  the  same  unfavourable  circumstances, 
which  predispose  to  kidney  diseases,  are  also  known  to 
give  rise  to  gout. 

Leucocythsemia  may  be  named  as  a  typical  example 
of  a  disease,  accompanied  by  a  constant  excessive  pro- 
duction of  uric  acid,  without  usually  being  associated 
with  gout.  Very  many  writers — Bartels,  Camerer, 
Laache,  Bohland  and  Schurz,  Stadthagen,  etc. — found 
3  to  4  grms.  of  uric  acid  per  diem  in  the  urine  of 
leuktBTuic  patients,  and  as  this  hyper-excretion  lasted  for 
a  considerable  time,  it  can  have  been  caused  only  by  an 
increased  formation  of  uric  acid,  which  must  exist  in  the 
blood  also,  in  a  larger  quantity  than  is  normal. 

The  fact  that  gout  is  a  disease  of  middle  age  may  be 
brought  forward  in  support  of  the  view  that  it  cannot 
arise  from  an  excessive  production  of  uric  acid,  as  long 
as  the  kidneys  act  normally.  Garrod,  it  is  true,  has  seen 
a  few  cases  of  gout  in  children  ;  older  works  (Scudamore) 
relate  a  similar  experience,  which  the  most  recent 
writings  confirm.  Maboux*  has  seen  an  undoubted  attack 

*  Mercredi  Medical,  Bd.  23,  1892. 
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of  gout  in  a  girl  of  eleven,  and  Dyce-Duckworth'*  tells  of 
a  patient,  eighteen  years  of  age,  who  had  suffered  from 
gout  for  nine  years. 

These  are,  however,  exceptions :  gout  is  extremely 
seldom  met  with  in  childhood  and  in  youth.  Neverthe- 
less, the  formation  of  uric  acid  is  greatest  in  childhood, 
and  appears  to  diminish  in  proportion  to  the  advance  of 
age  (page  25). 

A  great  many  facts  support  the  contention  of  Garrod 
and  Roberts,  that  gout  is  caused  by  a  retention  of  uric 
acid  in  the  blood,  and  makes  it  most  probable  that  this 
retention  is  occasioned  by  an  affection  of  the  kidneys. 

It  has  already  been  shown  that  various  diseases  of 
the  kidneys  can  give  rise  to  retention  of  uric  acid,  v- 
Jacksch  found  on  examination  of  the  blood  of  twelve 
patients  suffering  from  kidney  disease  of  different  kinds, 
that  uric  acid  was  present  in  nine  cases — namely,  in 
four  cases  of  acute  nephritis,  two  of  chronic  nephritis, 
one  of  waxy  degeneration,  and  two  of  granular  kidney- 
One  of  the  two  negative  cases  must  be  left  out  of  count, 
as  the  quantity  of  blood  (7-7  grms.)  subjected  to  analj^sis 
was  not  sufficient.  The  quantity  of  uric  acid  in  the 
blood  was  largest  in  atrophy  of  the  kidneys  and  in 
urasmia. 

Moreover,  it  must  be  remembered  that  several  causes 
are  common  to  gout  and  the  chronic  kidney  affections 
usually  designated  Bright's  disease. 

Abuse  of  alcohol  is  mentioned  by  all  observers  as 
a  harmful  agent,  which  very  often  gives  rise  to  gout. 
Garrod  names  several  old  writers  avIio  have  observed  it, 
and  is  himself  of  the  opinion  that  continuous  and  ex- 
tensive taking  of  spirits  is  a  frequent  cause  of  gout, 
although  all  alcoholic  beverages  are  not  equally  injurious. 
*  Lancet,  18!)3,  i.  p.  144. 
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Later  writers — as,  for  example,  Cainerer  and  Eendu* — 
have  emphasised  this  fact. 

Rendu  points  out,  however,  that  the  number  of 
alcohohcs  greatly  exceeds  the  number  of  gouty  people. 
It  must  be  remembered  that  alcohol  belongs  to  the 
poisons,  and  their  action  varies  greatly  in  different 
individuals.  It  is  just  possible  that,  when  the  hereditary 
predisposition  exists,  alcohol  so  affects  the  kidneys  that 
it  gives  rise  to  the  excretory  changes  characteristic  of 
gout. 

Garrod  quotes  a  statement,  recorded  by  William 
Budd,  that  certain  workmen,  who  make  a  living  by 
removing  ballast  from  the  bottom  of  the  Thames,  which 
can  be  done  only  when  the  tide  is  ebbing,  and  who  must 
work  very  rapidly  in  any  weather  and  at  any  hour,  are 
very  often  attacked  by  gout.  These  men  consume  a 
gi-eat  quantity  of  alcoholic  drinks,  but  live  like  English 
workmen  in  other  respects.  They  get  into  a  state  of 
violent  perspiration  with  their  heavy  work,  and  are 
often  wet  through  b}'  rain  or  snow,  without  being 
able  to  leave  off  work.  It  cannot  be  denied  that 
the  same  harmful  agents,  which  give  rise  to  gout  in 
these  cases,  are  also  common  causes  of  chronic  kidney 
disease. 

Lead  poisoning  resembles  alcohol,  in  giving  rise  both 
to  gout  and  to  chronic  kidney  affections.  In  all  writings 
upon  the  pathological  anatomy  of  lead  poisoning,  the 
kidneys  are  always  found  altered.  There  is  set  up  an 
interstitial  nephritis,  which  shows  itself  as  an  atrophy  of 
the  organ,  roughening  of  the  surface,  adherent  capsule, 
and  the  formation  of  small  cysts  in  the  kidney  sub- 
stance.   Writers  do  not  agree  as  to  the  manner  in  which 


•"Diction.  Encyclopcd.  des  Sciences  Med.,"  1884,  Article  "Goutte. 
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this  affection  develops ;  but  the  statement,  put  forward 
by  Charcot  and  Gombault,*  appears  to  rest  on  the  best 
foundation.  These  investigators  found,  on  feeding 
guineapigs  with  white-lead,  that  in  acute  poisoning  no 
disease  of  the  kidneys  resulted;  but  in  the  chronic 
poisoning  a  pronounced  granular  atrophy,  with  excessive 
formation  of  interstitial  tissue  always  developed.  The 
urinary  tubules  were  first  attacked  with  proliferation  of 
their  epithelia,  the  formation  of  casts,  etc. ;  and  then  the 
disease  spread  to  the  interstitial  tissue,  involving  almost 
equally  the  cortical  and  medullary  portions  of  the 
kidney.  They  noticed,  moreover,  that  the  kidney 
substance  was  not  uniformly  affected,  healthy  and  un- 
healthy portions  alternating  with  each  other.  Corre- 
sponding to  this  there  formed,  in  the  later  stages  of 
the  disease,  a  regular  granulation  of  the  surface  of  the 
kidney. 

Chronic  lead  poisoning  always  leads  to  a  chronic 
disease  of  the  kidneys  ;  at  the  same  time  it  also  tends  to 
give  rise  to  gout.  This  fact  was  mentioned  by  a  few 
older  writers,  but  attracted  attention  only  after  Garrod 
had  made  the  statement  that  one-fourth  of  the  gouty 
patients  whom  he  treated  at  University  College  Hospital 
were  painters  or  other  artisans  who  had  contracted 
chronic  lead  poisoning ;  and  that  in  his  private  practice, 
also  he  had  often  observed  the  combination  of  gout  and 
chronic  lead  poisoning. 

More  recently  many  writers,  especially  English  and 
French,  have  related  similar  experiences,  among  them 
Charcot,  Bucquoy,  Jaccoud,  Olhvier.f 

*  Archives  de  Physiologic,  Norm,  et  Path.,  1881.  S,  Sirsch-Virchoiv's 
Jahresb.,  Bd.  i.,  p.  123. 

t  "  Dictionnaire  Encycloped.  dos  Sciences  Med.,"  1884,  Article 
»  Goutte." 
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Lancereaux*  has  collected  twenty-four  cases  of 
nephritis  clue  to  lead-poisoning,  one-third  of  which 
showed  signs  of  gout,  such  as  tophi,  etc.  Dyce-Duck- 
worthf  found  among  186  gouty  patients,  twenty-five 
who  exhibited  symptoms  of  chronic  lead  poisoning,  and 
one-fourth  who  suffered  from  chronic  nephritis. 

With  regard  to  experiments  on  animals,  it  may  be 
mentioned  that  Prevost  and  Binet  J  have  produced 
chronic  and  interstitial  nephritis  by  feeding  animals  on 
salts  of  lead.  Most  of  the  lead  taken  into  the  body  was 
eliminated  by  the  kidneys.  EUenberger  and  Hofmeister  § 
have  seen  a  corresponding  action  of  lead  salts  in  ex- 
periments on  sheep. 

Garrod  foimd  uric  acid  in  the  blood  of  patients 
affected  with  chronic  lead  poisoning,  even  when  they 
showed  no  symptoms  of  gout ;  and  he  believed  he  could 
prove  that  the  quantity  of  uric  acid  excreted  in  the 
urine  could  be  diminished  by  the  administration  of  lead 
salts  in  the  usual  medicinal  doses. 

Moreover,  if  one  takes  into  consideration  that  the 
description  of  the  early  stages  of  gouty  Iddney,  which  is 
Avithout  exception  given  in  every  woi'k  on  the  patho- 
logical anatomy  of  gout,  entirely  corresj)onds  to  the 
description  of  the  kidney  of  lead  poisoning,  it  appears 
almost  certain  that  both  these  kidney  affections,  which 
so  closely  resemble  each  other,  act  in  the  same  way  upon 
the  body  and  upon  metabolism.  Lead  poisoning  then, 
in  which  the  kidneys  are  very  early  affected,  gives  rise  to 
gout,  and  it  is  also  probable  that  the  primary  cause  of 

*  Eirsch-Virchotv's  Juhrosh.,  1882,  Bd,  ii.,  p.  234. 
t  Union  Mvdicale,  24,  11,  92. 

J  Revue  SuisHc.    Jlirsch-Virchow's  Jahresb.,  1891,  p.  384. 
§  Berieht  fiber  das  Vclerindnvesen  iin    Konirjreich   Sachsen  Uirsch- 
Virchoiv's  Jahresh.,  1885,  Bd.  i.,  p.  40G. 
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gout,  even  when  lead-poisoning  does  not  enter  into  con- 
sideration, is  an  affection  of  the  kidneys,  by  means  of 
Avhich  their  abihty  to  excrete  uric  acid  is  diminished. 

Garrod  *  found  pathological  changes  in  the  kidnej^s 
of  patients  who  had  had  only  one  or  two  attacks  of  gout ; 
although  Ebstein  f  asserts  that  the  kidneys  of  gouty 
patients  may  be  found  perfectly  healthy  at  the  autopsy- 
It  is,  on  the  other  hand,  to  be  noted  that  the  kidney 
disorder  at  its  commencement  need  give  rise  to  very  few 
anatomical  changes,  as  the  primary  cause  is  a  decrease 
in  the  secretory  power  of  the  Iddney,  whereby  uric  acid, 
alone  or  in  combination  with  other  constituents  of  the 
urine,  is  less  easily  eliminated.  Charcot  X  has  drawn 
attention  to  the  fact  that,  in  commencing  interstitial 
nephritis,  in  which  the  excretion  of  the  very  soluble 
urea  is  not  at  aU  affected,  various  other  substances— as,  for 
example,  certain  odoriferous  bodies — cannot  pass  off  in 
the  urine.  He  also  refers  to  the  circumstance,  often  met 
Avith  in  gout,  that  the  administration  of  turpentine  does 
not  give  to  the  urine  the  characteristic  odour  of  violets, 
which  is  never  absent  when  this  drug  is  medicinally 
employed  in  other  instances. 

Against  the  supposition  that  retention  of  uric  acid  is 
the  origin  of  gout,  the  reply  has  been  made  that  the 
disease  would  progress  quickly  and  uniformly  if  this 
were  the  case.  Nevertheless,  it  has  been  overlooked  that 
the  production  of  uric  acid  is  not  always  of  the  same 
amount,  but  may  increase  from  tune  to  time,  through 
various  influences  and  diseased  processes,  and  return 
again  to  the  normal.  Further,  that  the  entire  extent  of 
the  kidneys  is  not  simultaneously  attacked.    Even  in 

*  "  Natur  und  Behandlung  der  Gicht." 

t  Beih-dge  ziir  Lchre  von  der  Harnsaurcn  Diathcsen,  1891. 

J  Logons  sur  les  Maladies  du  Foic  et  de  Ecins,  1877,  p.  320. 
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lead  poisoning,  where  the  kidney  affection  most  rapidly 
develops,  portions  of  the  organ  remain  healthy  for  a 
long  time,  by  means  of  which  a  certain  amount  of  uric 
acid  can  be  elim mated,  and  it  is  knoAvn  that  in  other 
affections  of  the  kidney,  the  one  kidney  can  take  on  the 
function  of  the  other,  the  healthy  portions  doing  the 
work  of  the  unhealthy  within  certain  limits.  It  is,  there- 
fore, conceivable  that,  in  the  early  stages  of  gout,  the 
biurate  is  deposited  in  the  tissues  when  from  any  cause 
the  production  of  uric  acid  becomes  exceptionally  great- 
At  a  later  period,  when  the  kidney  disease  has  extended, 
the  deposition  of  the  biurate  occurs  more  frequently,  and 
then  the  true  attacks  of  gout  and  larger  tophi  make 
their  appearance. 

The  above  conception  of  the  pathogenesis  of  gout 
requires  further  proof  It  has,  however,  the  advantage 
over  the  other  theories  that  it  brings  into  one  category 
all  the  etiological  and  pathogenetic  factors  with  which 
we  are- acquainted,  and  gives  a  plausible  explanation  of 
gout  both  in  poor  and  badly-nourished  subjects  and  in 
the  rich  and  hon-vivants.  By  it  the  enigmatical  gout  of 
lead  poisoning  is  intelligible  in  the  same  way  as  the  other 
forms  of  gout. 

It  may  also  enable  us  to  establish  a  rational  form  of 
treatment,  instead  of  the  old  empirical  methods  of  thera- 
peutics, which  often  enough  were  directly  opposed  to 
each  other. 

If  the  possibility  of  a  retention  of  uric  acid  is  once 
admitted,  then  every  circumstance  which  causes  a  tem- 
porary increased  formation  of  uric  acid  will  naturally 
take  effect,  so  that  the  blood  can  no  longer  hold  in  solu- 
tion the  quantity  of  uric  acid  with  which  it  is  charged ; 
the  uric  acid  is  then  deposited  as  biurate,  and  the  blood 
by  this  means  rendered  pure  for  some  time.    If  the 
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deposition  goes  on  slowly  without  hindering  the  circula- 
tion in  the  small  lymph  channels,  then  new  tophi  are 
formed,  or  old  ones  increased  in  size,  without  the  patient 
experiencing  further  suffering.  When  the  deposition  of 
biurate  suddenly  obstructs  the  lymph  channels,  pain  and 
inflammatory  symptoms  set  in,  and  the  typical  attack  of 
gout  is  established. 

In  this  mamier,  the  extensive  use  of  alcohol,  and  also 
excessive  bodily  or  mental  work,  may  give  rise  to  an  attack 
of  gout,  as  often  related.  The  proportion  of  uric  acid  in 
the  blood  can,  in  another  way,  also  afi'ect  the  occurrence 
of  gout.  Roberts  found  that  in  a  solution  of  1  part  of 
uric  acid  in  5,000  of  serum,  crystals  of  biurate  separated 
equal  in  length  to  a  blood  corpuscle,  or  at  most  two  or 
three  times  as  long ;  while,  in  a  more  concentrated  solu- 
tion, the  biurate  crystals  which  deposited  were  both 
longer  and  broader.  The  larger  and  more  voluminous 
the  crystals  the  more  easily  do  they  obstruct  the  lymph 
channels,  or  give  rise  to  the  formation  of  thrombi. 

In  serum  rich  in  soda  salts  the  biurate  crystals  are 
more  easily  separated  than  usual.  In  a  solution  of  1  of 
uric  acid  in  1,000  of  serum  the  deposition  of  microscopic 
crystals  commenced  in  six  hours,  and  they  were  most 
plentiful  in  fourteen  hours ;  but  when  Roberts  added  to 
this  solution  2  per  mille  of  sodium  chloride,  crj^staLLisa- 
tion  began  in  five  hours,  and  was  very  abimdant  in 
twelve  hours. 

In  a  solution  of  1  of  uric  acid  in  2,000  of  serum,  crys- 
tallisation commenced  in  thirty  hours,  and  was  copious 
in  ninety-six.  When,  however,  2  per  mille  of  phosphate 
of  soda  was  added,  it  commenced  in  twenty  hours,  and 
was  abundant  in  forty. 

All  salts  of  potash,  irrespective  of  the  acid  with 
which  they  are  combined,  delay  the  deposition  of  crystals 
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of  biiirate.  Bromide  and  iodide  of  potash  act  in  this 
respect  hke  the  carbonates  and  phosphates  ;  the  reaction 
also  of  the  potash  salts  was  a  matter  of  indifference,  the 
neutral  iodide  having  the  same  effect  as  the  alkaline 
carbonate  of  potash. 

Salts  of  lime  and  magnesia  show  no  decided  action, 
although  they  appear  to  slightly  delay  deposition. 
Lithia  salts  a.nd  piperazine,  in  the  proportion  of  0"1  to 
0'2  per  cent,  do  not  really  affect  the  rapidity  and  the 
degree  of  deposition. 

The  biurate  crystals  become  deposited  chiefly  in  the 
different  kinds  of  cartilage,  hgaments,  tendons,  skin,  and 
subcutaneous  tissues ;  especially  tissues  bathed  in  synovia 
become  infiltrated. 

According  to  Koberts,  the  explanation  of  this  circum- 
siance  is  to  be  found  in  their  chemical  composition ;  the 
tissues  rich  in  soda  being  earlier  attached  than  those 
which  contain  less  salts  of  soda. 

Koberts  gives  the  proportion  of  sodium  salts  in 
different  tissues  as  follows  : — 

Serum  contains 

Lymph  ,, 

Synovia  ,, 

Cartilage  ,, 

Fibrous  tissues  ,, 

Blood  corpuscles  ,, 

Brain  „ 

Muscles  •  ,, 

Spleen  ,, 

Liver  „ 

From  this  table  it  is  easy  to  explain  why  synovia  is 
so  intimately  concerned  in  the  development  of  gouty 
phenomena.  In  the  first  place,  synovia  contains  more 
salts  of  soda  than  serum  or  lymph ;  and  secondly,  it  is 


0'70  per  cent,  sodium  salts. 

0-70 

0-80 

0-90 

0-70 

0-20 

0-20 

0-08 

0-04 
0-02 
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enclosed  in  a  cavity,  where  it  has  little  opportunity  for 
movement  or  renovation.  Blood  and  lymph,  being  sub- 
ject to  more  continuous  and  rapid  movement,  cannot 
deposit  many  crystals  in  every  situation;  but  when 
synovia  is  saturated  with  uric  acid,  it  can  rid  itself  of 
the  excess  by  depositing  biurate  crystals  in  the  joint- 
cavity.  In  the  slighter  forms  of  gout  the  disease  is 
limited  to  single  joints,  and  to  the  surfaces  of  the 
cartilages  and  the  tendons  with  which  the  synovia 
comes  in  contact.  The  cartilage  appears  to  become 
impregnated  by  the  synovia  in  a  purely  mechanical 
manner. 

Roberts  suspended  the  metatarsal  bone  of  a  young 
pig  in  a  flask  of  warm  concentrated  solution  of  sodium 
biurate  ;  and  after  adding  a  few  drops  of  chloroform, 
to  keep  the  solution  aseptic,  left  it  standing  at  the 
ordinary  room  temperature.  As  soon  as  the  solution 
cooled,  the  biurate  gradually  fell  down,  and  after  some 
time  Roberts  found  that  the  cartilage  of  the  bone  sus- 
pended in  the  fluid  was  infiltrated  with  crystals,  which, 
just  as  in  gout,  were  chiefly  laid  on  the  surface  of 
the  cartilage,  and  became  less  frequent  towards  the 
depth. 

Although  we  can  understand  that  the  joints  should 
particularly  become  affected,  it  has  still  to  be  made  clear 
Avhy  a  few  joints,  such  as  the  metatarso-phalangeal  joint 
of  the  great  toe  and  the  knee  joint,  are  more  apt  to  be 
attacked  in  gout.  Roberts  was  inclined  to  think  that 
the  state  of  the  temperature  might  be  of  importance, 
and  that  the  joint  which  was  subject  to  frequent  ex- 
posure might  be  specially  liable  to  attack,  but  found 
nothing  to  support  this  view  on  experimenting  with 
solutions  of  uric  acid  in  serum.  The  rapidity  of 
crystallisation  was  influenced  neither  by  rise  nor  fall 
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of  the  temperature,  but  was  always  the  same  at  blood 
heat. 

The  explanation  must  rather  be  sought  for  in  the 
experience  that  wounds,  blows,  and  continuous  pressure 
appear  to  dispose  to  gouty  affections. 

Garrod*  has  observed,  as  already  stated,  that  the 
joints  mentioned  above  are  chiefly  affected  in  gout,  and 
that  any  exception  to  this  rule  is  usually  due  to  a  con- 
tusion or  trauma  of  another  joint.  In  one  case  a  patient 
who  had  injured  his  Imee  joint  did  not  at  first  experience 
any  inconvenience,  but  in  a  few  days  the  pain  became 
unbearable,  and  a  typical  attack  of  gout  developed, 
complicated  a  little  later  by  a  similar  attack  of  the 
great  toe. 

Pfeiffert  likewise  mentions  that  he  had  noticed  gouty 
concretions,  particularly  upon  those  parts  of  the  body 
which  had  been  subject  to  injuries  or  lesions  of  various 
kinds. 

It  is  now  sufficiently  well  known  that  the  metatarso- 
phalangeal joint  of  the  great  toe  is  more  exposed  to 
injury  than  any  other.  In  walking,  it  bears  the  weight 
of  the  rest  of  the  body  in  the  position  of  hyper-extension, 
it  suffers  very  frequently  from  contusion  and  strain,  and 
is  often  subjected  to  pressure  from  badly-fitting  boots  ^ 
in  all  directions  and  positions. 

Apart  from  the  question  of  gout,  this  joint  is  subject 
to  painful  and  irritable  states  caused  by  strain  alone,  or 
by  any  kind  of  contusion. 

For  several  weeks  I  saw  a  patient  who  was  suffering 
from  pain  in  this  joint,  so  severe  that  it  caused  him  great 
distress  on  walking.  It  was  treated  by  massage  without 
success,  and  only  disappeared  on  the  discovery  that  the 

*  "  Nattir  und  Behandlung  der  Gicht." 

t  "  Vorhandlungen  des  Congresses  fur  innore  Modiein,"  1889,  p.  166. 
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patient  was  in  the  habit  of  holding  his  bed-clothes  in 
position  during  his  sleep  by  pressing  the  great  toe  of 
one  foot  against  the  end  of  his  bed.  In  another  case 
a  young  mother  had  developed  a  similar  condition  of 
this  joint  by  dancing  her  child  on  her  knee  with  her 
foot  resting  on  the  great  toe  alone.  In  both  cases  the 
trouble  rapidly  disappeared  when  the  cause  was  dis- 
covered. 

In  other  cases  any  hindrance  to  the  circulation  will 
favour  the  onset  of  a  gouty  disturbance.  Charcot  reports 
the  occurrence  of  gout  in  ahemiplegic  in  whom  the  joints 
on  the  paralysed  side  only  were  attacked. 

A  very  sedentary  life  without  bodily  exercise  is  said 
by  many  authors  to  predispose  to  gout.  Koberts  remarks 
that  this  may  perhaps  be  explained  by  the  synovial  fluid 
in  joints  which  are  very  little  used  becoming  more  watery 
and  more  plentiful  than  in  the  normal  state,  and  at 
the  same  time  containing  less  albumen  and  more  soda 
salts  than  normal  synovia.  This  circumstance  has 
been  corroborated  by  Frerichs  *  by  a  comparison  of 
the  joints  of  stall-fed  animals  and  those  used  in  field 
work. 

Although  the  well-known  and  often-described  patho- 
logical changes  in  cartilages,  ligaments,  tendons,  etc.,  are 
usually  found  at  the  autopsy  of  gouty  patients,  in  some 
cases  no  such  changes  are  found.  This  must  be  due 
either  to  the  concretion  again  becoming  dissolved,  or  to 
the  deposition  of  biurate  crystals,  without  giving  rise  to 
painful  disturbance  in  any  joint,  taking  place  in  some 
part  of  the  body  not  subjected  to  examination  at  the 
autopsy.  Roberts  mentions  that  Dyce-Duckworth  had 
made  an  autopsy  on  one  patient  Avho  had  suffered  from 

*  Wagner'' s  Rand-wb  der  Fhysiologu,  1884,  Bd.  iii.  Abth.  i.  p.  466. 
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a  typical  gouty  attack  of  the  great  toe,  etc.,  without  find- 
ing any  pathological  changes  in  the  joints.  Small  tophi 
can  appear  and  again  disappear  in  the  upper  part  of  the 
ear;  and  Dyce-Duckworth  has  found  gouty  changes  in 
joints  in  which  neither  pain  nor  signs  of  inflammation 
had  been  observed  by  the  patients,  and  where  the 
deposition  must  have  gone  on  without  producing  any 
symptoms. 

If  serum  or  synovia  contains  uric  acid  in  the  pro- 
portion of  1  in  6,000  or  more,  crystals  of  biurate  are 
deposited ;  on  the  other  hand,  the  blood  can  again  take 
up  uric  acid  if  it  contains  a  less  quantity  than  1  in  6,000. 
The  re-dissolving  of  the  crystals  can  take  place  most 
readily  in  fibrous  tissues,  in  the  skin,  and  subcutaneous 
tissues,  as  here  the  circulation  of  lymph  is  more  active  ; 
while  in  cartilage  it  is  more  difficult,  as  the  lymph  moves 
more  slowly. 

Uric  acid  dissolved  in  the  blood  does  not  appear  to 
act  as  a  poison.  A  gouty  individual  may  feel  in  perfect 
health  up  to  the  onset  of  an  attack,  and  yet  directly 
before  this  the  blood  must  contain  a  large  amount  of 
uric  acid.  According  to  Roberts'  showing,  the  inflam- 
matory phenomena  and  the  pain  are  brought  about 
quite  mechanically,  the  biurate  crystals  acting  as  a 
foreign  body,  obstructing  the  lymph  canaliculi,  and 
giving  rise  to  thrombosis.  In  this  respect  the  size  of 
the  crystals  is  important,  but  there  appears  to  be  a 
greater  disposition  to  inflammation,  etc.,  by  obstruction 
of  the  lymph  canaliculi  in  firm  cartilage,  than  when 
these  pathological  conditions  make  their  appearance  in 
loose  subcutaneous  tissues  or  in  the  skin. 
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SYMPTOMATOLOGY,  COURSE,    AND  PATHO- 
LOGICAL ANATOMY. 

These  are  so  well  known  and  so  fully  described  in 
every  monograph  and  in  every  text-book  of  pathology 
that  I  have  no  inclination  to  go  over  ground  so  familiar, 
especially  as  the  more  recent  writers  have  given  us 
nothing  really  new  on  these  points.  It  must,  however, 
be  mentioned  that  Koberts  has  endeavoured  to  explain 
the  attacks  of  irregular  gout  by  the  deposition  of  biurate 
crystals  in  unusual  situations ;  as,  for  instance,  m  the 
meninges,  neurolemma  of  nerves,  etc.,  and  thus  giving 
rise  to  the  so-called  visceral  symptoms.  In  the  literature 
of  the  subject  the  existence  of  such  a  condition  has 
several  times  been  mentioned. 

Watson,  Gairdner,  and  Dufour  report  the  finding  of 
biurate  deposits  upon  the  meninges  ;  Cornil  found  micro- 
scopic crystals  of  biurate  in  cerebro-spinal  fluid ;  Albert 
has  seen  uratic  concretions  on  the  sj)inal  meninges ; 
Ollivier  found  at  the  autopsy  of  a  gouty  subject  who  had 
been  troubled  with  a  feeling  of  constriction  in  the  throat, 
chest,  and  abdomen,  as  well  as  lancinating  pain  in  the 
extremities,  deposits  of  biurate  on  the  spinal  dura  mater, 
from  the  third  cervical  vertebrae  to  the  sacrum,  extending 
for  some  distance  along  and  compressing  the  roots  of 
the  spinal  nerves.  Further,  Schroeder  van  der  Kolk* 
has  seen  aggregations  of  biurate  crystals  in  the  neuro- 
lemma of  peripheral  nerves. 

These  observations,  however,  are  very  limited  in 
number,  and  we  must  suppose  that  the  irregular  gouty 
concretions  in  most  cases  again  become  dissolved,  or 
perhaps  are  overlooked  in  the  post-mortem  room. 

*  Sec  Le  Gendre  :  "  Traitc  de  Medicine,"  Paris,  1891,  tome  i.,  p.  492, 
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PROPHYLAXIS,  AND  TREATMENT. 

In  most  eases  of  gout  hereditary  predisposition  plays 
an  important  part.  Against  this  hereditary  tendency 
itself  nothing  can  be  attempted.  It  appears  not  to 
be  transmitted  in  equal  degree  to  all  members  of  a 
family ;  the  women  especially  escaping,  or  being  attacked 
much  later  in  life.  This  may  perhaps  be  explained  by 
the  more  regular  mode  of  life  and  greater  abstinence  of 
women  from  alcoholic  beverages,  which  may  partly 
neutralise  the  hereditary  predisposition. 

On  the  whole,  all  forms  of  alcohol  must  be  classed 
among  the  most  important  agents  in  the  production  of 
gout;  and  the  use  of  alcoholic  drinks  is  fraught  with 
danger  to  every  person  suffering  from  gout,  and  to 
those  who  have  a  predisposition  to  it.  Alcohol  is 
injurious  both  by  increasing  the  production  of  uric 
acid  and  by  diminishing  the  excretory  power  of  the 
kidneys  by  its  continued  use. 

As  the  kidneys  are  so  largely  concerned  in  the  origin 
of  gout,  every  form  of  prophylactic  treatment  Avhich 
diminishes  the  risk  of  kidney  disease  is  specially  in- 
dicated. It  is,  therefore,  advisable  to  stimulate  the 
skin,  and  harden  it  against  changes  of  temperatui'e ; 
and  for  this  purpose  cold  friction  or  sponging  the  whole 
body  may  be'  successfully  employed  :  it  should  be  com- 
menced in  childhood,  and  continued  throughout  hfe; 
also  dry  friction  of  the  skin,  continuance  in  the  open 
air,  suitable — and  especially  woollen — clothing,  gymnas- 
tics, and  other  forms  of  bodily  exercise.  It  is  specially 
to  be  noted  that  every  over-exertion  nuist  be  avoided. 

Excessive  exercise  is  a  source  of  danger,  because  it 
can  suddenly  increase  the  production  of  uric  acid  to 
P  2 
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such  an  extent  that  the  kidneys  cannot  excrete  the 
amount  produced.  Several  older  writers,  like  Scuda- 
more  and  others,  mention  that  they  have  seen  attacks 
of  gout  set  in  immediately  after  excessive  bodily  or 
mental  exertion. 

Particular  attention  has  always  been  given  to  the 
question  of  diet  in  the  treatment  of  gout.  Putting  aside 
abstinence  from  alcohol — upon  the  injurious  effects  of 
which  almost  all  authors  agree — the  opinions  as  to  the 
suitable  diet  ditt'er  widely  from  each  other,  as  they  have 
been  founded  upon  the  various  theories  of  the  nature 
of  gout. 

As  uric  acid  was  considered  by  many  a  product  of 
the  disintegration  of  the  albumen  of  the  food,  it  followed 
that  flesh  and  other  albuminous  foods  were  forbidden, 
and  stress  was  laid  upon  the  great  imj)ortance  of  an 
almost  vegetarian  diet.  Other  writers  (Cantani),  on  the 
other  hand,  believed  in  a  kind  of  Banting  cure,  with 
a  diet  jDreponderating  in  flesh  food,  and  particularly 
forbade  carbohydrates.  Roberts  also  is  of  opinion  that 
nitrogenous  articles  of  food  must  be  considerably  dimin- 
ished, while  he  allows  an  unlimited  quantity  of  sugar 
and  starch.  All  these  reconnnendations  aim  at  limiting 
the  excessive  production  of  uric  acid.  As  long  as  the 
kidneys  retain  their  normal  functions — that  is,  in  all 
individuals  with  an  hereditary  predisposition,  but  still 
without  any  symptoms  of  gout,  whose  urine  for  three 
or  four  consecutive  days,  on  the  usual  mixed  diet,  shows 
no  abnormal  decrease  in  the  proportion  of  uric  acid — 
there  is  no  reason  to  order  a  fixed  diet:  such  patients 
can  be  left  to  their  own  discretion  within  certain  limits. 
When  a  little  more  uric  acid  than  usual  is^  formed,  it 
can  be  eliminated  in  the  urine,  without  being  stored  up 
in  the  blood. 
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One  must  also  take  into  consideration,  as  shown  by 
the  researches  of  Horbaczevvski,  that  the  excretion  of 
uric  acid  becomes  rapidly  and  considerably  increased 
after  a  meal  consisting  largely  of  flesh  food,  and  that 
a  similar,  though  rather  less,  increase  takes  place  after  a 
vegetarian  meal.  Moreover,  the  investigations  of  Bleib- 
treu  and  Schultze  show  (vide  page  29)  that  the  excretion 
of  uric  acid  during  twenty-four  hours  is  almost  as  large 
on  a  purely  vegetarian  diet  as  on  a  mixed  diet,  or  even 
as  on  one  in  which  flesh  food  preponderates. 

Even  in  the  pronounced  form  of  gout  also,  there 
appears  no  reason  to  forbid  certain  articles  of  food.  A 
rational  mixed  diet,  in  which  the  usual  nutritive  ele- 
ments are  uniformly  distributed,  is  much  more  to  be 
recommended. 

On  the  other  hand,  it  is  right  to  condemn  very 
large  meals,  especially  taking  part  in  banquets  and 
such-like.  Indulgence  in  an  unreasonably  large  quan- 
tity of  food  is  quite  as  severe  a  trial  to  the  kidneys 
as  it  is  to  the  stomach  and  liver;  and  at  such  big 
meals  there  is  always  a  temptation  to  take  large  quan- 
tities of  wine  or  other  alcoholic  drinks. 

What  has  been  said  here  of  the  diet  holds  good  for 
all  stages  of  gout.  When  repeated  attacks  of  gout 
occur,  or  when  the  disease  is  already  chronic,  one  must 
endeavour  to  maintain  the  strength  of  the  patient  by  a 
sufficiency  and  variety  in  the  food. 

The  treatment  of  the  acute  attack  must  consist  in 
as  little  interference  as  possible.  The  treatment  of  the 
old  writers  consisted  chiefly  in  patience  and  the  appli- 
cation of  flannel,  or  such-like,  and  the  attempts  made 
to  cut  short  the  attack  by  drugs  Averc  in  the  most 
fortunate  cases  without  avail.  There  are,  however, 
many  observations  Avhich  show  that  a   too  energetic 
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use  of  therapeutics  has  caused  sudden  death  or  very 
severe  after-effects. 

In  accordance  with  the  theory  already  referred  to, 
alkalies,  especially  salts  of  soda,  have  been  recom- 
mended in  order  to  dissolve  the  urate  of  soda  or  to 
prevent  its  deposition ;  or  when  one  dreads,  like  Pfeiffer, 
the  solution  of  the  uric  acid  salts  in  the  blood,  acids  are 
prescribed  to  diminish  the  alkalinity  of  the  blood. 

Both  recommendations  are  at  the  best  decidedly 
useless.  All  writers  who  have  specially  studied  the 
reaction  of  the  blood — as,  for  instance,  Rumpf,*  Peiper.t 
and  Freudberg  J — found  that  its  alkalinity  is,  on  the 
whole,  subject  to  very  little  variation ;  that  the  reaction 
is  not  in  the  least  altered  by  the  administration  of 
mineral  acids  (as  Pfeiffer  recommends) ;  while,  by  giving 
a  fairly  large  quantity  of  organic  acids,  as  10  to  30  grms 
lactic  acid,  or  5  to  10  grms.  tartaric  acid  daily,  the 
alkalinity  of  the  blood  is  decreased  by  one-sixth,  one- 
fifth,  or  one-fourth  ;  and  that  it  is  impossible  to  further 
diminish  the  alkalinity  by  the  administration  of  acids. 
Jaquet§  injected  a  considerable  quantity  of  acids  directly 
into  the  veins  of  living  animals,  without  thereby  decreas- 
ing the  alkalinity  of  the  blood  to  an  appreciable  extent. 

The  soda  salts  have  been  the  most  commended  of 
the  alkalies,  although  several  very  observant  authorities 
have  freely  expressed  the  opinion  that  they  have  seen 
only  harm,  and  never  good,  from  their  use.  Trousseau  || 
likewise  thinks  that  the  administration  of  bicarbonate 
of  soda  merely  changes  the  typical  attack  of  gout  into 

*  "  Centralblatt  fiir  klin.  Medicin,"  1891,  p.  756. 

t  Virchow''s  Archiv,  Bd.  IIG,  p.  337. 

J  Tirchow^s  Archiv,  Bd.  125,  p.  556. 

§  Archiv  fiir  exper.  Path.  n.  Tharm.,  1892,  p.  311. 

II  Clin.  Med.,  1877. 
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a  slow  chronic  malaise ;  and  a  similar  opinion  lias  been 
expressed  by  Golding-Bird  and  Owen-Rees.* 

It  is  also  known,  from  the  experimental  researches 
of  Roberts,  that  an  excess  of  soda  salts  always  hastens 
the  precipitation  of  biurate  in  senmi;  and  all  medi- 
cation of  an  acute  attack  of  gout  by  soda  salts  is 
absolutely  to  be  set  aside.  The  same  thing  applies  to 
the  Hthia  compounds  and  the  most  recent  gout  medi- 
cine, piperazin,  which  has  been  largely  praised  during 
the  last  few  years  a,s  a  solvent  of  uric  acid.  Both 
piperazin  and  lithia  are  unable  to  delay  the  deposition  of 
biurate  crystals  in  serum,  and  are  consequently  useless. 

When  piperazin  was  being  recommended  on  all 
sides  a  year  ago,  I  tried  it  in  two  cases  of  slight 
attacks  of  gout.  One  gramme  was  given  daily,  dis- 
solved in  ordinary  soda-water.  The  result  was  abso- 
lutely negative ;  the  attacks  lasted  even  longer  than 
usual,  and  the  drug  was  most  unpleasant  to  the 
patients.  In  one  of  them,  the  urine  passed  during 
twenty-four  hours  was  collected,  and  the  amount  of 
uric  acid  estimated  after  the  Fokker-Salkowski  method, 
in  order  to  find  out  if  piperazin  increased  the  daily 
excretion  ot"  uric  acid,  as  this  would  most  probably  be 
the  case  if  it  exercised  a  solvent  action  on  the  biurate 
deposit.  On  the  day  before  the  piperazin  Avas  given  the 
amount  of  uric  acid  was  0'532  grm.,  and  on  the  following 
days,  with  1  grm.  of  piperazin  administered  daily,  it  was: — 

0*430  gini.  per  diem. 
0-480  „ 
0'G82       „  „ 
0  8:51 

0-499       „  „ 

and  on  the  day  after  stopping  the  piperazin, 

0-r)93  grm.  per  diem. 
*  Rendu  :  "  Diet.  Encyclop."   Article  "  Goutte." 


88 


THE   URIC   ACID  DIATHESIS. 


Only  on  one  day,  therefore,  was  the  amount  of  uric  acid 
appreciably  increased;  and  this  may  have  been  occa- 
sioned by  the  attack  of  gout,  and  the  fever  arising 
therefrom. 

The  employment  of  the  potassium  compounds  ap- 
pears much  more  reasonable,  and  various  authorities 
— as,  for  instance,  B.  Bouchard* — have  warmly  recom- 
mended their  use.  Roberts  found  that  the  salts  of 
potassium — the  iodide  and  bromide,  as  well  as  the  car- 
bonate and  acetate — delayed  the  precipitation  of  biurate 
in  serum.  Haigf  also  commends  the  administration  of 
potash  salts,  although  from  quite  a  different  motive. 

The  preparations  of  colchicum  are  among  the  drugs 
most  frequently  employed  in  the  treatment  of  the  acute 
attack  of  gout.  It  was  at  first  employed  by  quacks, 
and  subsequently  found  a  certain  amount  of  favour 
among  medical  men.  Colchicum,  given  either  as  the 
extract  or  the  wine,  appears  to  alleviate  the  pain  of  the 
gouty  attack — at  least,  this  is  the  opinion  of  patients. 
On  the  other  hand,  it  does  not  appear  to  have  any 
effect  on  the  constitution  of  the  blood  or  the  uratic 
deposits  in  the  joints.  Some  physicians  J  believed .  that 
the  attack  could  be  cut  short  by  large  doses  of  col- 
chicum :  it  is  generally  advised,  however,  to  refrain 
from  attempting  this  until  the  pain,  of  its  own  accord, 
begins  to  abate.  When  the  attack  takes  a  slow  tedious 
course,  an  endeavour  may  be  made  to  bring  it  to  an 
end  by  means  of  colchicum.  A  fresh  attack  is  then 
said  to  occur  before  long,  which  in  some  cases  may  be 
preferred  to  the  long  duration  of  a  half  chronic  condition. 

No  explanation  of  the  effect  of  colchicum  has  yet 

*  "Maladies  par  Kelentissement  de  la  Nutrition,"  1882. 

f  St.  Bartholomew's  Hospital  Reports,  1891. 

%  Le  Gendre:  "Traitc  de  Medecine,"  1891,  tome  i.  p.  49). 
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been  found ;  perhaps  it  is  due  to  an  action  upon  the 
peripheral  nerves,  by  means  of  which  the  painful  sen- 
sations become  alleviated.  One  must  take  care  that 
the  dose  is  not  so  large  as  to  give  rise  to  vomiting 
and  diarrhoea,  as  the  health  of  the  patient  thereby 
suffers  greatly. 

Among  the  drugs  used  in  gout,  quinine  and  salicylate 
of  soda  may  also  be  mentioned ;  the  latter,  owing  to  its 
success  in  acute  rheumatism,  has  also  been  tried  in 
gout,  but  has  by  no  means  proved  of  like  service  in 
this  disease. 

Most  observers  sound  a  note  of  warning  against  the 
use  of  opium  preparations  and  morphia.  It  is  difficult 
to  refuse  the  patient  the  rest  which  can  be  obtained  by 
a  few  drops  of  morphia  solution,  or,  perhaps,  better 
still,  by  an  equal  dose  of  chloral.  Hypodermic  injections 
of  morphia  are  considered  particularly  dangerous,  pro- 
bably due  to  the  existing  affection  of  the  kidneys,  whereby 
the  elimination  of  morphia  is  rendered  difficult,  in  the 
same  way  as  morphia  is  a  dangerous  remedy  for  the 
headache  and  neuralgia  of  commencing  urtemia. 

Of  other  forms  of  treatment,  warmth,  rest,  elevation 
of  the  part,  and  wrapping  in  flannel  have  always  been 
praised.  More  recently,  the  judicious  inunction  of  a 
10  to  20  per  cent,  ichthyol  ointment  has  been  recom- 
mended. vSchwimmer*  has  spoken  in  favour  of  ichthyol. 
I  have  tried  it  in  this  ivay  only  in  a  few  cases,  and  in 
these  I  have  certainly  experienced  an  analgesic  action; 
the  alleviation  of  pain  commenced  in  a  few  hours  (four 
to  six),  and  was  lasting. 

When  the  attack  and  extreme  pain  have  passed 
away,  and  only  stiffness  and  sensitiveness  of  the  affected 
joint  remains,  convalescence   may  be   accelerated  by 

*  JFicncr  med.  Wochenschr.,  1802,  No.  29  u.  30. 


90 


THE   URIC   ACID  DIATHESIS. 


careful  massage.  It  is  also  advisable  not  to  keep  tlie 
jDatient  at  rest  longer  than  the  pain  renders  necessary. 
Usually,  both  redness  and  painful  sensations  disappear 
more  rapidly  when  the  patient  carefully  uses  the  joint 
in  walking,  etc. — as  soon  as  his  strength  will  in  any 
way  permit  of  it — than  when  he  is  kept  in  bed  till  all 
inflammatory  symptoms  are  gone. 

The  galvanic  current  was  formerly  recommended  in 
the  treatment  of  uratic  deposits,  just  as  it  has  been  tried 
in  almost  every  other  disease ;  this  treatment  was  almost 
forgotten,  when  Edison  drew  attention  to  it  again  b}' 
favourable  comments,  which  made  their  appearance 
chiefly  in  the  daily  press.  It  is  difficult  to  see  how 
success  can  attend  the  use  of  the  galvanic  current. 
Something  might  rather  be  expected  from  the  modified 
electrical  treatment  introduced  by  Foveau  de  Courmelles* 
under  the  name  of  "  Bielectro lysis."  This  author  made 
the  following  experiment : — Crystals  of  urate  of  soda  or 
oxalate  of  lime  were  enclosed  in  an  animal  membrane, 
and  the  small  packet  so  formed  was  immersed  in  a 
saturated  solution  of  carbonate  of  lithia,  and  the  galvanic 
current  allowed  to  pass  through  the  solution  and  the 
packet.  He  found  that  the  outer  surface  of  the  mem- 
brane was  rapidly  covered  with  crystals,  while  those 
inside  dissolved  and  disappeared.  The  treatment  con- 
sists in  conducting  a  galvanic  current  through  the 
affected  joint  or  the  skin  tophi  by  electrodes,  moistened 
in  a  concentrated  solution  of  carbonate  of  lithia  (or, 
perhaps,  iodide  of  potassium). 

When  the  attack  is  once  over,  the  next  question  is : 
What  can  be  done  for  the  patient  so  that  the  next  attack 
may  not  set  in  at  an  early  date,  and  that  the  tophi 
already  formed  may  be  made  to  disappear  ?    For  this 

*  Universal  MeH.  Journal,  Jun.,  1893. 
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purpose,  the  administration  for  a  long  period  of  soda  or 
lithia  salts,  as  well  as  the  drinking  of  the  strong  alkaline 
springs  of  Carlsbad,  Vichy,  Ems,  etc.,  or  common  salts 
waters  like  Homburg,  Kissingen,  and  Nauheim,  are 
usually  recommended. 

Mordhorst*  believed  that  he  could  prepare  a  water 
particularly  adapted  to  gout  by  dissolving  a  considerable 
quantity  of  bicarbonate  of  soda  in  the  Wiesbaden  Koch- 
brunnen,  which  contains  a  large  quantity  of  sodium 
chloride.  It  follows  from  what  has  already  been  said 
that  the  only  way  in  which  soda  salts  can  be  considered 
to  have  a  curative  effect  upon  a  gouty  tendency  is  by 
their  action  as  diuretics.  Beckmannf  made  some  experi- 
ments on  himself  with  carbonate  and  citrate  of  soda, 
and  believed  he  found  that  they  were  of  some  influence 
in  this  respect ;  on  the  other  hand,  the  quantity  of  uric 
acid  excreted  is  not  in  the  least  increased  by  the  taking 
of  alkalies.  According  to  the  researches  of  Spilker,J  the 
prolonged  use  of  alkalies  brought  about  even  a  slight 
diminution  in  the  daily  excretion  of  uric  acid;  but 
probably  this  must  be  explained  by  a  decreased  produc- 
tion of  uric  acid  in  the  body,  and  not  by  its  retention  in 
the  blood. 

It  is  evident  (hat  there  is  no  indication  for  the 
employment  of  mineral  springs  containing  soda  in  gout 
if  their  use  succeeds  in  increasing  the  proportion  of  soda 
salts  in  the  blood  in  an  appreciable  degi'ee ;  the  only 
result  is  to  increase  the  likelihood  of  the  formation  and 
deposition  of  biurate  of  soda. 

•  "  Veih.  des.  X.  Congrcs.  fiir  innero  Med.,  1891,"  Wiosbadcn. 

f "  Exporimentollo  Ilntor.suchungcn  iibei-  don  Einfluss  dcs  Ilohlon- 
und  Citroneiisauron  Natron,"  Diss,  Dorpat,  1889.  Ilirsch- Virchow's 
Jahns  Vericht,  1889,  i.  p.  155. 

\  Virchow's  Archiv,  I5d.  117,  p.  570. 
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Physicians  at  the  various  health  resorts  frequently 
state  that  the  first  consequence  of  a  course  of  treatment 
in  many  cases  is  the  occurrence  of  a  tj^pical  attack  of 
gout.  As  the  patients  find  themselves  immediately  well 
after  it,  the  occurrence  of  the  attack  has  been  put 
forward  as  a  result  of  the  "  treatment,"  and  considered 
to  have  a  "  critical "  signification.  This  assumption  is 
quite  an  illusion.  A  mineral  spring  can  be  serviceable 
to  a  gouty  subject  in  three  ways : — (1)  by  adding  to  the 
blood  those  substances  which  can  keep  the  quadriurate 
in  solution  and  unchanged ;  (2)  by  increasing  the  secretion 
of  urine  and  the  amount  of  uric  acid  eliminated  by  the 
kidneys ;  or  (3)  by  strengthening  the  patient. 

In  order  to  establish  a  plentiful  excretion  of  urine? 
patients  have  been  advised  to  drink  large  quantities 
of  ordinary  water ;  it  is,  however,  doubtful  that  the 
elimination  of  uric  acid  can  be  increased  in  this  way. 
Schonborn  *  found  in  his  researches  that  this  was  not 
the  case,  not  even  by  taking  a  large  quantity,  like  six 
litres,  of  water  daily. 

It  is  very  often  advantageous  to  the  patient  to  be 
removed  from  his  habitual  mode  of  living  and  usual 
diet;  and  on  this  account  it  is  sometimes  advisable  to 
send  him  to  a  health  resort.  Of  health  resorts,  the  so- 
called  "  indifferent  springs,"  the  waters  of  which  con- 
tain only  a  small  quantity  of  inorganic  compounds,  are 
to  be  preferred.  Among  such  are  Wildbad,  Pfatters, 
Gastein,  etc. 

As  the  salts  of  lime  and  magnesia  do  not  hasten  the 
precipitation  of  biurate  crystals  in  the  blood,  one  can 
without  hesitation  send  patients  to  Nenndorf,  Contrex^- 
ville,  and  similar  springs,  whose  waters  contain  chiefly 
compounds  of  lime  and  magnesia. 

*  rjliUjcr's  Archiv,  Bd.  44,  p.  529. 
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The  sulphur  sprmgs,  which  formerly  enjoyed  a  repu- 
tation for  gouty  conditions  among  the  older  physicians, 
can  also  be  recommended,  particularly  if  the  affections 
are  chronic.  The  most  preferable  are  those  which 
contain  a  limited  proportion  of  soda  salts,  like  Nenn- 
dorf,  Gurnigelbad  in  Switzerland,  Aix-les-Bains,  or  St. 
Sauveur. 

Patients  who  are  unable  to  undertake  the  journey  to 
a  health  resort  can,  perhaps,  attain  a  similar  efiect  by 
drinking  daily  a  moderate  quantity  of  warm  water  at 
home. 


LITHIASIS.    SAND  AND  GEAVEL. 

Although  gout  is  by  no  means  a  common  affection  in 
Denmark,  and  is  met  with  very  seldom  in  hospital  and 
private  practice  there,  the  other  manifestation  of  the 
uric  acid  diathesis — the  tendency  to  the  formation  of 
uric  acid  concretions — is  quite  different  in  this  respect. 
With  us  this  affection  is  very  common,  and  we  are, 
therefore,  in  a  better  position  to  form  an  opinion  about 
the  pathology  and  theories  of  the  disease,  by  comparing 
them  with  our  own  experience. 

In  the  following  pages  we  shall  discuss  only  those 
uric  acid  concretions  which  are  still  small  enough  to 
pass  down  the  ureters  Avithout  causing  the  attacks  of 
violent  pain  designated  renal  colic.  The  large  con- 
cretions also  which  remain  lying  m  the  pelvis  of  the 
kidney,  causing  there  extensive  pathological  changes 
which  may  make  surgical  interference  necessary,  as  well 
as  those  concretions  made  up  of  other  than  uric  acid 
and  uric  acid  salts,  will  not  be  further  referred  to. 


94 


THE    URIC   ACID  DIATHESIS. 


ETIOLOGY. 

Of  the  etiological  factors,  hereditary  predisposition  is 
the  most  important.  The  disease  is  in  many  families 
transmitted  both  by  the  male  and  female  members. 
Gout  and  gravel  appear  to  alternate  in  certain  families. 
Some  members  suffer  from  the  one,  others  from  the 
other  affection.  So  general  is  the  hereditary  predisposi- 
tion to  gravel,  that  the  physician  may  confidently  expect 
in  a  family,  the  father  or  mother  of  which  suffer  from 
lithiasis,  to  find  symptoms  of  this  affection  in  one  or 
several  of  the  children. 

As  the  proportion  of  uric  acid  in  the  urine  of  newly- 
born  children  is  considerably  larger  than  in  the  urine  of 
adults  (vide  page  25),  it  is  easy  to  understand  that  there  is 
a  great  tendency  to  the  deposition  of  uric  acid  m  the 
kidneys  during  the  first  year  of  life.  These  deposits  are, 
moreover,  so  frequently  met  with,  that  many  authorities 
(Virchow  and  others)  have  considered  them  physiological : 
or  at  least  so  little  removed  from  the  normal  condition 
that  they  could  not  be  regarded  pathological. 

Salomonsen  *  in  his  treatise  has  collected  the  published 
cases  of  uric  acid  deposits,  and  tabulated  them  with  those 
coming  under  his  own  care,  with  the  following  result : — 
Of  306  newly-born  or  very  young  children  examined 
post-mortem,  uric  acid  deposits  were  found  in  140  cases, 
and  none  in  166.  Ebsteinf  gives  a  similar  account  of 
409  autopsies  in  157,  or  38'38  per  cent.,  of  which  these 
deposits  were  found. 

They  are  most  frequent  in  children  who  have  lived 
only  a  few  days,  and  disappear  in  those  who  have  lived 

*  "  Uiinsyreinfarcthos  Nyfodte  Diss.,"  Copenhngcn,  1859,  p.  f)8. 
t  "  Natur  und  Behandlung  der  Harnsteine,"  p.  81. 
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a  few  weeks.  There  are  also  reliable  instances  of  them 
in  foetus  which  died  before  or  during  birth,  and  they  are 
met  with  in  older  children  also.  Henoch*  found  in  the 
kidneys  of  children  seven  and  eight  weeks  old  remains 
of  uric  acid  infractions,  some  in  the  lumen  of  the  tubuli 
uriniferi,  some  tirmly  adherent  to  the  papillae ;  and 
Ebstein  f  mentions  a  pronounced  case  in  a  boy  five  years 
old  who  died  of  lymphadenoma  of  the  anterior  mediasti- 
num, and  whose  urine  contained  a  large  deposit,  which 
consisted  chiefly  of  pure  uric  acid.  At  the  autopsy, 
uratic  deposits  were  found  in  the  papillary  portions  of 
the  pyramids  of  both  kidneys. 

True  uric  acid  concretions  are  frequently  met  Avith 
in  older  children,  and  may  be  formed  at  a  very  early 
age.  Salomonsen  mentions  four  cases  of  true  uric  acid 
concretions  in  children  one  to  four  months  old,  in  one 
of  which — a  child  which  had  lived  thirty-five  days — 
uric  acid  stones,  the  size  of  a  pin's  head,  and  uric 
acid  deposits,  were  found.  WohlerJ  also  found  a  small 
uric  acid  stone  in  a  stillborn  immature  foetus.  Hirsch- 
sprung§  records  the  death  of  a  child,  aged  five  months, 
from  double  hydronephrosis,  arising  from  the  blocking 
of  both  ureters  by  concretions  of  uric  acid. 

According  to  Prout,  Westy  relates  that  of  1,25G 
patients  suffering  from  stone  admitted  into  the  hospitals 
of  Bristol,  Leeds,  and  Norwich,  quite  500 — i.e.  about 
40  per  cent. — were  children.    Lewschint  lif^-s  likewise 

*  "  Vorlesungcn  iibor  Kindcrkrankheitcn,"  1881,  p.  539. 
t  "Natur  und  Bohandlung  dor  Harnatcino,"  p.  8-1. 
t  Ibid. 

§  Ifo.ijj'Uals  lidcudc,  1873,  p.  81. 
II  lioriicsygdomme,  1865,  p.  485. 

II  rcrhandlungen  dcs  X.  inter.  Congrcs.,  Berlin,  1891,  Bd.  iii.  Abth 
V.  p.  157. 
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observed  that  in  Russia  stone  and  operations  for  stone 
are  more  common  in  children  than  in  adults ;  and  at  the 
discussion  upon  the  subject,  Aretaios*  stated  that  this 
was  also  the  case  in  Greece. 

Many  writers  make  similar  statements ;  and  as  the 
statistics  are  usually  collected  by  surgeons,  and  only  the 
cases  subjected  to  operation  counted,  it  is  most  probable 
that  a  much  larger  number  of  children  suffer  from  the 
milder  form  of  the  disease,  in  which  the  concretions  are 
still  small  enough  to  pass  along  the  urinary  passages 
and  be  washed  out  by  the  urine.  This  opinion  appears 
to  be  shared  also  by  Henoch,t  Goodhart,J  Sutherland, § 
and  da  Costa.  || 

During  the  last  two  years  I  have  kept  a  record  of 
all  cases  in  which  the  presence  of  uric  acid  concretions 
could  be  verified  by  symptoms,  examinations  of  urine, 
and  results  of  treatment.  I  have  treated  altogether 
twenty-eight  such  patients  —  twenty-one  adults  and 
seven  children — five  of  whom  were  boys  and  two 
girls.  In  six  of  the  children  hereditary  predis- 
position could  be  established.  My  experience,  how- 
ever, does  not  appear  to  support  the  assertion  that 
uric  acid  concretions  are  more  common  in  children 
than  in  adults ;  but  in  such  an  important  question  no 
definite  conclusions  can  be  drawn  from  such  a  small 
number  of  cases. 

Both  the  uric  acid  deposits  in  the  kidney  and  the 
true  concretions  consist,  according  to  Ebstein's  examina- 
tions, of  pure  v;ric  acid ;  at  least,  this  is  always  true  of 

*  Verhandlufigen  des  X.  inter.  Corigres.,  Berlin,  1891,  Bd.  iii.  Abth. 
V.  p.  157. 

t  Vorlesungen  ilber  Kinderkrankhoiten,  1881,  p.  539. 

t  British  Me;l.  Jour.,  1891,  ii.  p.  251. 

§  British  Med.  Jour.,  1892,  i.  p.  856. 

II  Amer.  Juur.  of  Med.  dcicuce,  January,  1893. 
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their  nucleus.  The  frequent  occurrence  of  concretions 
in  children  probably  depends  on  the  fact  that  the  urme 
of  children — even  of  the  older  children — is  very  rich  in 
uric  acid.  This  large  proportion  of  uric  acid  is  due  to 
the  active  building-up  and  breaking-down  of  cells  Avhich 
takes  place  in  the  earlier  part  of  life,  and  which  is 
manifested  by  the  abundance  of  leucocytes  in  the  blood. 

It  follows  from  the  cases  already  mentioned  of  uratic 
deposits  in  stillborn  foetus,  that  respiration  is  not 
necessary  for  the  formation  of  deposits  or  concretions,  as 
Virchow*  originally  believed. 

It  is  often  stated  that  men  are  particularly  liable  to 
stone ;  this  is  quite  correct,  if  only  those  cases  m  which 
operation  is  necessary  are  taken  into  account.  As  all 
the  statistics  on  this  subject  have  been  collected  by 
surgeons,  we  can  certainly  suppose  that  the  preponder- 
ance in  males  is  due  to  anatomical  conditions,  which 
make  it  more  difficult  for  a  concretion  of  any  size  to  be 
passed  in  a  man  than  in  a  woman.  If  this  predisposition 
of  the  male  sex  to  the  formation  of  uric  acid  concretions 
really  exists,  it  can  be  explained  only  by  men  partaking 
more  largely  of  alcohol  than  women,  and  thereby  pro- 
ducing more  uric  acid. 

Of  my  twenty-one  adult  patients,  seven  were  males 
and  fourteen  females,  and  in  four  cases  hereditary 
tendency  could  be  established. 

Mode  of  living  and  diet  have  always  been  considered 
among  the  most  important  etiological  factors  of  this 
disease.  On  this  point  all  authorities  agree.  Opinions 
on  this  subject  arc  found  to  vary  considerably  when 
the  question  is  asked :  What  diet  may  be  considered 
injurious,  and  what  beneficial  ? 

Most  authorities,  especially  the  older  ones,  lay  blame 

*  Gcsam.  AbhitiidL/iir  JFisseiisc/i.  Medicin.,  18.jG,  p.  8,'J,'i. 
G 
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upon  a  diet  too  rich  in  nitrogenous  constituents,  par- 
ticularly when  combined  with  a  plentiful  use  of  alcohol 
and  a  very  sedentary  life.  This  opinion  is  founded,  in  a 
purely  theoretical  manner,  upon  the  generally  accepted 
hypothesis  that  uric  acid  is  produced  by  imperfect  oxyda- 
tion  of  the  albuminous  constituents  of  the  food.  There 
are  also  some  observers — as,  for  instance,  Magendie* — 
who,  although  they  do  not  hold  the  theory  that  a  purely 
vegetarian  diet,  poor  in  nitrogenous  matter,  can  equally 
give  rise  to  the  formation  of  uric  acid  concretions, 
declare  that  they  have  found  it  so  in  their  experience. 

Believing  from  all  the  more  recent  experiments  that 
the  production  of  uric  acid  is  not  increased — or,  at  any 
rate,  not  in  an  appreciable  degree — by  taking  a  large 
quantity  of  albuminous  food,  the  dietetic  theory  referred 
to  above  becomes  untenable.  The  question  has  been 
answered  by  Roberts  in  a  totally  different  way. 

According  to  Roberts,t  a  diet  which  is  poor  in  sahne 
constituents  is  particularly  apt  to  cause  the  deposition 
of  uric  acid  crystals  in  the  urinary  passages.  As  proof 
of  this  assertion,  he  mentions  that  uric  acid  concretions 
frequently  occur  in  poor,  badly-fed  children,  and  is  very 
prevalent  among  the  Hindoos,  whose  food  consists 
almost  exclusively  of  rice.  Rice  is  a  rather  low  food 
substance,  and,  according  to  his  account,  contains  only 
()-39  per  cent,  of  saline  constituents,  while  wheat-flour 
contains  0'51  per  cent.,  oatmeal  2  50  per  cent.,  milk 
5  5  per  cent.,  meat  and  fish  5  to  5 '5  per  cent.,  saline 
constituents  of  the  total  water-free  solids. 

These  figures  do  not  exactly  agree  with  those  given 
by  Jurgensen,  but  in  any  case,  a  diet  composed  largely 
of  rice  is  very  poor  in  nitrogenous  matter. 

*  "  Les  Causes,  Ics  Symptoms,  etc.,  de  la  Gravelle,"  2iid  edition,  p.  51. 
t  Lancet,  \Sd2:  " Croonian  Lectures." 
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Eoberts  also  mentions  that  the  formation  of  con- 
cretions is  much  more  common  among  Enghsh  agri- 
cultural labourers,  who  live  as  a  rule  on  vegetable  and 
non-nitrogenous  food,  than  among  workers  in  the  cities, 
accustomed  to  a  stimulating,  mixed  diet.  Roberts  lays 
great  stress  upon  the  taking  of  a  large  quantity  of 
common  salt.  He  states  that  sailors,  who  eat  large 
quantities  of  salt  meat,  rarely  suffer  from  uratic 
calculi.  This  has  been  corroborated  by  Hutchinson,* 
who  was  able  to  find  only  one  case  of  stone  of  the 
kidney  among  34,000  English  sailors,  while  this  affection 
is  by  no  means  uncommon  in  naval  officers,  whose  mode 
of  living  is  not  so  diffex'ent  from  that  of  most  men  on 
shore. 

My  own  experience  throws  no  light  upon  this 
question,  as  all  my  patients  were  of  the  middle  class, 
comparatively  well  off,  and  accustomed  to  a  nourishing 
mixed  diet. 

The  frequency  with  which  uratic  calculi  occur 
appears  to  vary  in  different  countries  and  peoples.  As 
already  stated,  the  disease  is  very  common  among  the 
Hindoos  ;  English  doctors  say  it  is  very  frequently  seen 
in  England  amongst  agricultural  labourers,  especially  in 
Norfolk ;  but  one  part  of  Norfolk — the  marsh-lands — 
where  the  drinking  water  contains  so  much  common 
salt  that  it  must  be  called  brackish,  is,  according  to 
Plowright,t  almost  exempt  from  it.  German  writers 
also  state  that  the  disease  occurs  with  unequal  frequency 
in  adjoining  towns  and  districts,  but  give  no  satisfactory 
explanation  of  the  circumstance.    Neither  has  Levvchin^ 

•  Vide  Lo  Gcndre. 

f.Uccl.    Times  and  Gazette,  1885,  p.  491.      Vide  llirsch- Vircliow's 
Jahrcsb.,  1885,  ii.  p.  225. 

X  Verhand.  dcs  X.  Intern,  Congresses,  Berlin,  18'Jl. 
G  2 
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endeavoured  to  find  why  calcuhis  is  so  common  in 
certain  parts  of  Central  Russia — as,  for  example,  around 
Moscow ;  but  it  is  seldom  met  with  in  the  western 
provinces  :  so  much  so,  that  it  never  occurs  in  half- 
civilised  races,  like  the  Tartars  who  live  in  Western 
Russia. 

Older  writers  mention  contusions  and  wounds  of  the 
kidney  as  causes  of  stone,  but  if  this  is  ever  the  case,  it 
is  assuredly  a  rare  occurrence. 

Certain  diseases  predispose  in  a  high  degree  to  uric 
acid  gravel.  Among  such  comes,  first  of  all,  gout, 
which  is  frequently  accompanied  by  the  deposition  of 
uric  acid  in  the  tissues  of  the  kidney,  or  the  formation 
of  true  uric  acid  calculi.  This  combination  is  discussed 
by  various  writers.  Garrod*  quotes  the  opinion  on  this 
point  of  Morgagni,  and  of  Sydenham,  who  himself  suf- 
fered both  from  gout  and  stone  of  the  kidney.  Garrod 
has  also  seen  both  diseases  in  the  same  patient,  but 
thinks  that  they  seldom  occur  together.  In  Ebstein'sf 
experience,  most  of  the  patients  who  in  earlier  life 
suffer  from  gravel  are  at  a  later  period  affected  with 
gout.  It  will  be  shown  below  that  the  deposition  of  uric 
acid  in  the  kidneys  acts  as  an  irritant,  which  may  give  rise 
to  kidney  disease.  This  appears  to  indicate  the  manner 
in  which  uric  acid  concretions  may  lead  to  gout.  When 
the  kidneys  are  diseased  and  perform  their  function 
imperfectly,  the  uric  acid  may  be  retained  in  the  blood, 
and  we  have  then  the  chief  factor  in  the  production  of 
gout. 

Charcot  J  mentions  a  case,  observed  by  Ball,  of  a 
patient  fifty  years  of  age,  who  frequently  passed,  after 

*  "  Natur  und  Behandlung  der  Gicht,"  p.  388. 

f  "Natur  und  Behandlunj''  der  Harnsteine,"  p.  1-12. 

J  "  Le(,'ons  sur  les  Maladies  du  Foic,"  etc.,  p.  111. 
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attaclvs  of  severe  colic,  small  stones  of  uric  acid.  The 
serum  of  a  blister  on  the  abdomen  Avas  shown,  by 
Garrod's  thread  experiment,  to  contain  a  large  propor- 
tion of  uric  acid,  although  the  patient  never  exhibited 
any  symptoms  of  gout.  Charcot  believes  that  in  this 
patient  the  formation  of  concretions  was  caused  by  an 
excess  of  uric  acid  in  the  body.  As  indicated  above,  we 
cannot  conclude  from  this  experiment  that  an  increase 
in  the  production  of  uric  acid  is  the  primary  condition, 
as  the  excess  of  uric  acid  in  the  blood  may  be  secondary 
to  the  disease  of  the  kidney. 

There  are,  however,  diseases  in  Avhich  uric  acid  is 
formed  in  increased  quantities,  and  so  tend  to  the 
formation  of  calculi.  Leucocy thfemia  is  among  the  most 
noted  of  these  ;  in  it  there  is  always  a  hyper-prodnction 
of  uric  acid.  Westphal*  names  quite  a  number  of 
observers  (Ranke,  Salkowski,  Hoffmann,  Fleischer,  etc.) 
who  have  demonstrated  this  ;  and  uric  acid  concretions 
have  been  frequently  observed  in  the  kidneys.  Bartels  f 
mentions  a  leucocythaeraic,  with  an  enormous  splenic 
tumour,  who  often  passed  concretions,  varying  from  the 
size  of  a  hemp-seed  to  that  of  a  pea,  reddish-brown  in 
colour,  and  composed  of  uric  acid.  The  patient  died 
from  persistent  renal  colic  and  suppression  of  urine,  of 
three  days'  duration. 

EichorstJ  states  that  the  urine  of  leucocythaimic 
patients  frequently  contains  glittering  crystals  of  uric 
acid,  and  often  forms  a  sediment  composed  entirely  of 
these  crystals. 

Other  diseases  can  also  increase  the  formation  of  uric 
acid,  and  thereby  perhaps  give  rise   to  concretions. 

*  Deutuchcs  Archiv  fiir  kli)i.  Mrdicin,  V,i\.  li.,  p.  100. 
t  Deutsches  Aichiv  fiir  klin.  Mndicin,  I'd.  i.,  p. 
X  Tathologic  unci  Thcrupic,  Bd.  iv.  p.  8. 


102 


THE   URIC   ACID  DIATHESIS. 


Among  these,  according  to  the  investigations  of  Hor- 
baczewski,  all  commencing  cachexise  must  be  classed, 
especially  those  which  are  accompanied  by  a  rapid 
development  of  carcinomatous  degeneration,  certain 
cases  of  poisoning,  particularly  carbon-monoxide,  and 
extensive  scalds,  pneumonia,  etc. 

A  tendency  to  stone  is  said  to  occur  in  obesity ;  *  and 
not  unfrequently  diabetes  mellitus  is  accompanied  by  an 
unusual  disposition  to  the  deposition  of  uric  acid.  Two 
patients  of  my  own,  who  suffered  from  a  mild  form  of 
diabetes,  frequently  showed  symptoms  of  gravel,  in 
addition  to  the  excretion  of  sugar ;  and  in  one  of  them 
blood  from  the  kidney  was  likewise  passed. 

Lastly,  a  number  of  kidney  diseases  are  often  accom- 
panied by  the  formation  of  calculi.  In  such  cases  it  is 
not  always  easy  to  distinguish  whether  the  deposition  of 
uric  acid  or  the  changes  in  the  kidney  tissues  is  the 
primary  condition.  Among  such  kidney  affections  the 
kidney  peculiar  to  gout  has  been  already  referred  to ;  but 
other  forms  of  chronic  kidney  disease  are  also  often  asso- 
ciated with  uric  acid  gravel.  Buhlf  found  this  to  be  so  in 
seven  per  cent,  of  the  cases  of  granular  kidney,  examined 
post-mortem  by  him.  In  his  opinion,  the  overgrowth  and 
retraction  of  the  interstitial  connective  tissue  is  asso- 
ciated with  changes  in  the  circulation  of  the  kidney,  and 
in  the  epithelia  of  the  tubuli  uriniferi,  especially  in  the 
convoluted  tubules  and  the  loop  of  Henle.  The  urine  is 
said  to  be  so  altered  by  these  changes  that  its  watery 
constituents  are  increased,  while  the  excretion  of  the 
solid  components  is  rendered  more  difficult ;  this,  indeed, 
may  lead  to  the  production  of  uric  acid  concretions,  and, 
in  the  course  of  time,  to  go'ut  also. 

*•  Le  Gendrc  :  "  Traite  de  Modecin,"  1891,  toni9.  i.,  p.  362. 

f  Miltlu'ilitngcn  aus  den  pathologischen  InstiitU.  zu  Miinchcn,  1878,  p.  50. 
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If  this  view  is  correct,  Ave  must  also  mention  among 
the  causes  of  uric  acid  gravel  all  agents  which  favour 
the  production  of  chronic  granular  nephritis,  and  again 
refer  to  over-indulgence  in  alcohol,  lead-poisoning,  wet 
and  cold,  etc. 


PATHOLOGICAL  ANATOMY. 

Uric  acid  calculi  fovmd  'post-mortevx  in  the  kidney 
present  different  appearances.  In  the  case  of  uratic  pre- 
cipitation, the  deposits  are  so  fine  that  the  individual 
granules  cannot  be  distinguished  with  the  naked  eye ;  in 
other  cases  small  glistening  golden  dots  or  brownish  sand 
may  be  seen  in  the  kidney ;  or  the  concretions  may  be 
somewhat  larger,  and  present  an  irregular  mulberr3^-like 
appearance.  While  the  larger  concretions  are  found  in 
the  calicos  and  pelvis,  the  smaller  ones  occur  in  the 
collecting  tubes  of  the  pyramids,  and  the  fine  sond, 
which  constitutes  the  precipitation,  may  even  be  found 
in  the  cortical  substance,  and  can  be  seen  even  through 
the  capsule  of  Glisson.  Further,  large  branching  coral- 
shaped  calculi  may  form  in  the  pelvis  when  it  is  dilated. 
It  is  evident  that  when  such  concretions  lie  for  some 
time,  they  may  become  the  starting  point  of  further 
pathological  changes  in  the  kidneys,  calices,  and  pelvis ; 
but  it  would  lead  too  far  from  the  point  under  discussion 
to  enter  into  details.  Here  we  are  concerned  only  with 
the  structure  and  composition  of  concretions,  and 
especially  of  the  smaller  onds,  which  arc  found  in  the 
kidney  tissue,  and  which  are  still  sufficiently  small  to 
pass  down  the  ureters. 
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It  was  formerly  supposed  that  these  stones  were 
composed  of  urate  of  soda  or  ammonia.  This  opinion 
rested  partly  on  the  supposition  that  the  urine  had 
deposited  the  same  salts  as  in  the  amorphous  sediment, 
and  that  these  were  held  together  b}'  some  sort  of 
cement ;  and  partly  on  less  reliable  chemical  examina- 
tions. More  recent  writers,  like  Ebstein  and  Roberts, 
are  agreed  that  the  concretions  consist  of  pure  uric  acid, 
or,  at  least,  that  it  alwaj^s  forms  the  basis  of  these 
stones ;  while  the  very  large  concretions,  which  have 
lain  a  long  time  in  the  pelvis  of  the  kidney,  and  set 
up  catarrh  and  inflammation  therein,  often  show  layers 
of  other  chemical  compounds  round  the  nucleus  of 
uric  acid. 

Ebstein  subjected  the  large  and  middle-sized  uric 
acid  stones  to  careful  examination,  and  came  to  the 
conclusion  that  all  of  them,  from  the  microscopic 
uric  acid  deposits  to  the  larger  stones,  are  formed 
in  the  same  manner.  By  examining  very  thin  sec- 
tions of  the  uric  acid  concretions,  he  found  that  they 
were  formed  in  two  ways.  In  one  type,  which  was 
seen  chiefly  in  concretions  up  to  the  size  of  a  cherry- 
stone, there  was  a  nucleus  composed  of  small  rounded 
granules  cemented  together,  and  surrounding  this  a 
number  of  concentric  layers,  here  and  there  intersected 
by  radiating  striie.  The  other  type  occurred  most  fre- 
quently in  the  large  calculi ;  the  formation  was  quite 
irregular,  the  masses  of  crystals  having  no  definite 
arrangement,  and  looking  as  if  they  had  rolled  together 
in  a  haphazard  fashion.  Still,  it  could  be  seen  in  the 
better  sections  that  these  stones  also  had  one  or  several 
nuclei,  composed  of  concentric  layers,  like  the  small 
concretions,  and  intersected  by  radiating  stria}.  These 
nuclei  appear  to  have  been  deposits  from  the  large 
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collecting  tubes,  which,  being  washed  into  the  calices,  or 
pelvis,  laid  the  foundation  of  continued  fresh  deposits  of 
uric  acid. 

All  concretions,  irrespective  of  their  size,  Avere  not 
composed  of  uric  acid  alone,  but  had  likewise  a  sub- 
stratum of  organic  matter.  If  such  a  calculus  (by 
preference  one  which  has  not  lain  for  a  long  time)  is 
treated  with  a  weak  alkaline  solution — say,  a  solution 
of  borax — the  uric  acid  gradually  dissolves,  and  there 
remains  an  organic  substance  :  so  that  by  degrees,  as 
the  dissolution  proceeds,  the  firm  hard  mass  appears  to 
be  surrounded  by  an  ever-increasing  border  of  soft 
floating  substance,  which  at  last  is  all  that  remains  of 
the  calculus. 

This  organic  substance  appeared  to  possess  all  the 
reactions  of  an  albuminous  body ;  it  had  everywhere  a 
uniform  consistence,  and  no  cellular  outlines,  nuclei,  or 
similar  appearances  of  organisation  could  be  fovmd  in  it. 
Ebstein  also  examined  the  uric  acid  deposits  of  young 
children,  and  gives  a  detailed  account  of  what  he  found 
at  the  post-mortem  of  a  syphilitic  child  seven  clays  old. 
In  this  child  the  deposits  were  not,  as  is  usually  the  case, 
confined  to  the  large  collecting  tubes  of  the  j^yraniids, 
but  occurred  also  in  the  cortex,  where  they  appeared  to 
be  located  chiefly  in  the  convoluted  tubes.  The  large 
collecting  tubes  were,  in  many  cases,  transformed  into 
sinuous  cavities  of  considerable  size,  filled  up  partly  with 
granular  masses,  and  partly  with  yellow,  rounded,  very 
refractile  bodies,  sometimes  arranged  in  rows  like  a 
rosary,  or  packed  closely  together.  In  the  collecting 
tubes  Ebstein  could  easily  see  the  epithelial  cells  round 
the  deposits,  but  in  the  finer  tubules  the  convoluted 
tubes  and  the  loop  of  Henle,  in  which  the  deposits 
consisted  entirely  of  yellow  round  bodies,  the  cpithclia 
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were  in  many  cases  completely  or  partially  pushed  off". 
Sometimes  it  was  totally  without  order,  so  that  the 
lumen  of  the  tube  was  filled  up  with  a  mixture  of 
uric  acid  spherules,  cells,  nuclei,  and  a  fine  granular 
structureless  substance.  On  later  examination  of  kid- 
neys with  deposits  of  uric  acid,  Ebstein  did  not,  how- 
ever, happen  to  find  them  in  the  cortex,  so  that  they 
seem  to  be  carried  from  it  into  the  collecting  tubes 
rather  early. 

From  the  above  investigations  and  from  experi- 
ments upon  lower  animals,  Ebstein  has  formulated  the 
theory  that  uric  acid  becomes  deposited  within  the 
epithelia,  so  that  they,  either  physiologically  or  from  the 
deposits  formed  within  them,  must  break  up  before  the 
spheres  of  uric  acid  become  free.  It  has  been  found, 
moreover,  in  snails  and  some  other  lower  animals, 
that  ui'ic  acid  is  formed  in  the  epithelial  cells  of  the 
kidney ;  and  several  observers  have  believed  that  they 
found  this  in  birds.  Ebstein  now  believes  that  this 
may  also  take  place  in  mammalia  and  in  human 
beings. 

As  the  entire  theory  stands  and  falls  with  the  obser- 
vation that  uric  acid  is  deposited  in  the  epithelial  cells 
of  the  kidney  tubes  in  birds,  it  can  no  longer  be  main- 
tained in  the  face  of  the  work  of  more  recent  investi- 
gators, particularly  Manfred  Bial*  and  Heidenhain,t 
who  were  unable  to  find  any  uric  acid  crystals  in  the 
kidney  epithelia  of  birds.  When  birds  are  fed  on  flesh, 
or  their  ureters  ligatured  so  that  numerous  depositions 
of  uric  acid  take  place,  such  deposits  lie  in  the  lumen 
of  the  tubuli  uriniferi,  and  never  in  the  epithelial 
cells. 

*  P/ilffcr\i  ylrcJiiv,  Bd.  47,  p.  116. 

f  Hermann,  "  Handbuch.  der  Pliysiologie,"  Bd.  v.,  S.  Bial. 
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PATHOGENESIS. 

It  is  comparatively  easy  to  be  agreed  upon  the 
etiolooy  of  uric  acid  gravel,  since  statistics  can  be 
brousrlit  toofether  as  to  bow  far  the  alleged  causes  of  its 
production  operate ;  but  it  is  mucb  more  difficult  to 
come  to  an  understanding  upon  its  pathology;  and  it 
is  particularly  difficult  to  elucidate  the  reasons  why  in 
some  cases  the  deposition  of  uric  acid  in  the  urinary 
passages  becomes  the  starting  point  of  a  true  stone 
formation,  while  in  other  cases  it  may  remain  there  for 
a  longer  or  shorter  period  without  occasioning  any  real 
danger.  This  difficulty  is  accentuated,  since  cases  in 
which  the  formation  of  concretions  is  in  its  earliest 
stages  rarely  are  obtained  for  post-niortevi  examination ; 
perhaps,  also,  because  this  early  development  very  readily 
escapes  attention. 

Many  efforts  have  been  made  to  theoretically 
account  for  the  production  of  stone.  One  of  the 
oldest  theories  was  that  the  urine  under  certain  con- 
ditions deposited  an  amorphous  sediment  while  still  in 
the  kidneys,  and  that  the  concretions  consisted  of  this 
deposit,  which  had  become  increased  in  size  by  additional 
layers,  or  by  being  cemented  together  with  mucus  or 
some  other  organic  substance.  When  attention  was 
drawn  to  the  fact  that  in  inany  cases  the  urine,  after 
elimination,  became  gradually  more  acid,  Schcrer's  ex- 
planation of  this  phenomenon — namely,  the  occurrence 
of  acid  fermentation — was  adopted ;  and  it  Avas  then 
believed  that  this  acid  fermentation  could  commence 
so  abnormally  early  that  \\x\c  acid  was  precipitated  in 
the  kidney.  Again,  others  agreed  with  Ultzmann  that 
the  urine,  under  certain  unknown  conditions,  deposited 
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uric  acid  crystals  of  a  particular  size  and  acciular 
in  form,  and  that  calculi  were  formed  by  these 
crystals  being  wedged  together  in  the  calices  and  pelvis 
of  the  kidney,  and  so  becoming  the  nucleus  of  a 
calculus. 

These  explanations  are  constructed  quite  in  a  theo- 
retical fashion,  and  in  reality  explain  nothing.  Equally 
unsatisfactory  is  the  new  theory  that  various  micro- 
organisms play  a  part  in  the  production  of  stone,  and 
that  the  disease  arises  in  the  kidney  epithelia,  or  that 
they  are  the  primary  cause  of  calculus  by  the  uric  acid 
becoming  deposited  round  about  them  in  the  same  way 
as  Bilharz  *  has  shown,  that  in  Egypt  the  ova  of  distoma 
may  become  the  starting-point  of  concretions  in  the 
bladder. 

Ebstein  and  Nicolaier  f  have  proved  that  calculus 
is  quite  independent  of  microbes,  by  experimentally 
producing  stone  of  the  kidney  in  dogs  through  feeding 
them  on  oxamide. 

Tuffier,:]:  who  has  come  to  a  similar  conclusion 
on  this  theory,  examined  the  concretions  for  micro- 
organisms, but  found  them  absolutely  sterile. 

It  has  already  been  stated  that  Roberts  concluded, 
from  his  examinations  and  researches,  that  various  con- 
ditions conduce  to  the  deposition  of  free  uric  acid  in  the 
urine.  As  such  he  enumerates  a  large  amount  of  uric 
acid,  especially  in  proportion  to  the  amount  of  urine ; 
the  reaction  of  the  urine ;  its  richness  in  salines,  espe- 
cially chloride  and  phosphate  of  soda ;  and,  finalW,  the 
quantity  of  pigment.  We  shall  now  traverse  the  etiolo- 
gical factors  which,  in  our  experience,  lead  to  uric  acid 

*  Vide  Ebstein,  "  Natur  und  Behancl.  der  Harnsteine." 
f  Cen'ralblatt  f.  Chiritrffis,  1891,  p.  67.). 
+  Mercedi  Med.,  Dec.  28,  1892. 
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concretions,  and  examine  how  far  we  may  believe  them 
to  arise  from  chano-es  in  the  nature  of  the  urine  in  one 
or  several  of  the  directions  already  referred  to. 

From  the  first  predisposing  cause — hereditary  ten- 
dency— we  are  able  to  learn  very  little.  So  long  as  we 
do  not  know  upon  what  peculiarity  of  metabolism  the 
uric  acid  diathesis  depends,  we  have  no  prospect  of 
knowing  that  the  predisposition  operates  through  one  of 
the  peculiarities  in  the  composition  of  the  urine  to  which 
Roberts  has  referred. 

On  the  other  hand,  the  theory  that  age  is  an  im- 
portant cause  is  well  supported.  As  already  demon- 
strated, the  urine  of  young  children  contains  an  extremely 
large  proportion  of  uric  acid,  and  this  excessive  produc- 
tion continues  in  later  childhood,  though  in  a  rather  less 
degree.  According  to  Pfeiffer,  uric  acid  appears  to  be 
produced  for  all  ages  in  a  gradually  decreasing  pro- 
portion (vide  page  25),  so  that  it  reaches  its  minimum 
in  old  age. 

It  is  also  true  that  in  leucocythtemia,  where  the 
production  of  uric  acid  rises  to  five  to  eight  times  the 
normal  quantity,  the  formation  of  concretions  is  very 
common. 

In  the  same  way,  other  diseases  may  cause  gravel 
when  they  are  associated  with  an  excessive  uric  acid 
production — as  for  example,  pneumonia,  which  Hahn* 
mentions  as  a  frequent  cause. 

Gout  has  frequently  been  classed  among  the  diseases 
which  give  rise  to  calculus.  It  is  true  that  these  affections 
are  often  associated ;  but  it  is  very  questionable  whether 
gout  is  the  primary  condition.    In  opposition  to  this, 

•  "  Diclionniiirc  Encyclopcdiquo  duf  Sciunuos  Mudicalos."  Artiuh; 
"  Giavello. 
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among  other  things,  is  the  experience  that  uric  acid 
gravel  frequently  occurs  in  the  earlier  years  of  persons 
who  show  signs  of  gout  later  on.  This  rather  supports 
the  belief  that  uric  acid  gravel  and  the  kidney  affection 
resulting  therefrom  is  the  primary  state,  and  is  also 
indicated  by  other  facts,  which  will  be  treated  more  in 
detail  later  on. 

The  relative  or  absolute  quantity  of  uric  acid  in  the 
urine  is  not,  however,  the  sole  factor  in  gravel,  for  it  may 
occur  both  with  a  normal  or  an  abnormally  low  excretion 
of  uric  acid.  Koberts  found  this  on  examining  the  urine 
of  four  patients  with  a  disposition  to  gravel,  which 
immediately  after  elimination  contained  crystals  and 
aggregations  of  uric  acid,  although  the  percentage  varied 
greatly. 

No.  1  contained  0"084  per  cent,  uric  acid  (above  the  average). 
)i    2       ,,        0'076  ,,     ,,       „  ,, 

,,  3  ,,  0'032  ,,  ,,  ,,  (rather  below  the  average'). 
„    4       „        0-022       ,,         „      „    (much  •    „  „  ). 

I  have  endeavoured  to  elucidate  this  point  by 
making  a  series  of  experiments  with  my  own  urine, 
having  first  settled  that  I  had  a  pronounced  and  hered- 
itary predisposition  to  uric  acid  gravel.  As  an  intro- 
duction to  the  study  of  the  effect  of  piperazin  upon 
the  excretion  of  uric  acid,  the  urine  was  examined  on 
four  days,  on  which  the  usual  mixed  diet,  without 
alcohol,  was  taken,  and  the  general  health  normal. 
The  amount  of  uric  acid,  estimated  by  the  Fokker- 
Salkowski  method,  was  as  follows : — 

Feb.  3rd.    0-603  to  0-609  grm.  per  diem  (two  estimations  made  at  tlie 

same  time). 

Feb.  4th.    0-643  to  0-650  „  „  „ 

Feb.  5th.    0-714  grm.  per  diem. 
Feb.  6th.    0  580    „  „ 
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The  average  of  these,  0-633  grm.  daily,  did  not  rise 
above  the  usual  physiological  average.  At  another 
examination : — 


Uric  Acid  (Fokker). 
Nov.  20th.    0-768  grm.  per  diem. 
„    25th.    .0-787  „ 
„    2Gth.    0-7'34  „ 


Uric  Acid  (Hopkins). 
0-775  grm.  per  diem. 
0-835  „ 
0-734     „  „ 


These  figures  are  somewhat  higher,  but  still  do  not 
exceed  the  physiological  maximum,  which  is  usually 
fixed  at  0'8  grm.  per  diem. 

My  investigations  seem  to  show  that  uric  acid  is 
more  readily  deposited  when  the  percentage  is  large : 
as  the  amount  of  uric  acid  reached  on  the  8th  Feb- 
ruary, 1892,  0-891— 0-985  grm.,  and  on  the  15th,  1-098 
grms.,  by  means  of  rather  active  physical  exercise,  uric 
acid  crystals  were  deposited  in  large  numbers  as  the 
urine  was  passed ;  and  on  microscopic  examination 
(100  diameters),  were  to  be  seen  as  large  acicular 
crystals,  arranged  in  rosettes,  as  large  as  a  pin's 
head.  A  similar  action,  with  respect  to  the  proportion 
and  deposition  of  uric  acid,  appeared  when  alcohol,  in 
the  form  of  wine,  was  taken.  On  the  20th  January, 
1893,  the  excretion  of  uric  acid  by  this  means  rose  to 
0-9947  (Fokker),  0  9918  (Hopkins)  grm.  In  this  case 
the  uric  acid  was  held  in  solution  by  alkalies ;  but  in  a 
.similar  experiment  on  the  Gth  January,  1892,  in  which 
alcohol,  but  no  alkalies,  were  taken  in  addition  to  the 
food,  numerous  rosette- shaped  aggregations  of  crystals 
were  deposited. 

Eichorst*  makes  mention  of  a  medical  man,  with 
whom  he  was  well  acquainted,  who  could  at  will  produce 

•  I'athologic  ttnd  Therapie,  Bd.  ii.,  p.  604. 
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in  himself  uric  acid  gravel  by  taking  a  small  quantity 
of  alcohol. 

The  reaction  of  the  urine  plays  a  much  more  im- 
portant role  in  the  solubility  of  uric  acid :  neutral  and 
alkaline  urines  can  hold  in  solution  a  yary  considerable 
quantity  of  uric  acid,  while  in  an  acid  urine  it  is  readily 
deposited.  The  degree  of  acidity  depends  upon  the 
existence  of  phosphoric  acid,  which  unites  with  the 
alkalies  in  the  lu'ine  to  form  monobasic  compounds ; 
it  never  occurs  as  free  acid.  The  uric  acid  has  no 
direct  bearing  upon  the  reaction  of  the  urine,  as  it 
always  exists  in  solution  in  combination  with  alkalies, 
and  gives  a  neutral  reaction,  and  immediately  crys- 
tallises when  it  comes  into  the  free  state.  Uric  acid 
can,  it  is  true,  indirectly  influence  the  reaction  of  the 
urine.  As  already  shown,  it  is  formed  from  the  nuclein, 
which  contains  phosphorus  in  the  form  of  phosphoric 
acid,*  so  that  by  its  disintegration  this  phosphoric  acid 
becomes  free,  is  taken  up  by  the  blood,  and  excreted  in 
the  urine. 

This  is  confirmed  by  the  discovery  of  Peiper,t  that 
the  alkalinity  of  the  blood  is  less  m  children  than  in 
adults,  and  that  it  becomes  also  dimmished  by  very 
active  muscular  exercise,  convulsions  from  strychnine, 
leucocythffimia,  cachexia  from  cancer,  destructive 
diseases  of  the  liver,  and  fever ;  conditions  which  are  all 
accompanied  by  an  active  disintegration  of  nucleated 
cells,  and  the  liberation  of  uric  acid,  as  well  as  phosphoric 
acid  from  the  nuclein.  On  the  other  hand,  according  to 
the  same  authority,  the  alkalinity  of  the  blood  rises 
during  digestion,  probably  because  a  larger  quantity  of 

*  fide  We}'! :  "  Organischc  Cliemie,"  p.  548. 
f  Firchow  s  Arcliiv,  Bd.  116,  p.  337. 
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acid  is  drawn  from  the  blood  by  the  acid  gastric  juice. 
Ruiiipf  *  gives  similar  results  from  his  examinations  of 
the  alkalinity  of  the  blood.  This  agrees  with  what 
Roberts  and  several  writers  have  found,  namely,  that 
shortly  after  a  meal  the  mine  becomes  neutral  or  even 
alkaline,  while  after  prolonged  fasting  it  is  strongly  acid. 
The  maximum  acidity  is  reached  in  the  morning  before 
the  first  meal.  This  is  specially  the  case  in  England,  where 
dinner,  taken  about  7  or  8  o'clock,  is  the  last  meal  of  the 
day,  and  twelve  hours,  or  more,  elapse  before  breakfast 
the  next  morning.  The  morning  urine  is  therefore  par- 
ticularly liable  to  deposit  crystals,  even  when  it  does  not 
contam  an  excessive  quantity  of  uric  acid. 

Roberts  found,  moreover,  that  urine  containing  a 
large  proportion  of  saline  constituents,  especially  neutral 
or  basic  salts  of  phosphoric  acid  and  potash  or  soda,  and 
sodium  chloride,  could  more  readily  retain  uric  acid  in 
solution,  than  urine  poor  in  saline  matter.  This  agrees 
with  the  experience  that  uric  acid  concretions  frequently 
occur  in  people  who  live  on  a  diet  preponderating  in 
vegetables,  like  the  Hindoos,  poor  agricultural  labourers, 
etc. ;  Avhile  they  are  seldom  met  with  in  those  who  par- 
take of  a  large  amount  of  common  salt  such  as  sailors 
and  the  inhabitants  of  the  marshlands,  where  the  drink- 
ing water  is  brackish. 

When  diabetics  show  a  strong  tendency  to  uric  acid 
gravel,  it  may  perhaps  be  because  the  urine  is  always 
acid  and  poor  in  pigment.  It  is  not  clear  why  this 
disposition  should  occur  in  obesity ;  probably  it  arises 
from  a  strong  tendency  to  kidney  disease  in  this  state. 

The  quantity  of  pigment  in  the  urine  is  also  of  some 

*  Centralhhtlt  fib-  Idin.  Mcdicin.,  1891,  p.  7o6  ;  3,  loc.  cit. 
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importance.  Various  chronic  kidney  affections,  in  which 
a  very  pale  urine,  poor  in  pigment,  is  passed,  are  fre- 
quently complicated  with  uric  acid  gravel. 

It  is  likewise  evident  that  the  formation  of  uratic 
concretions  does  not  alone  depend  upon  the  fact  that 
uric  acid  becomes  deposited  in  the  kidney,  and  by  the 
aggregation  of  the  crystals  a  calculus,  apparent  to  the  \ 
naked  eye,  gradually  developed. 

Ebstein's  examinations  both  of  the  large  and  small 
uric  acid  calculi,  have  clearly  shown  what  was  believed 
to  be  the  case  by  older  authorities,  namely,  that  the  small, 
tine  uric  acid  crystals  are  held  together  by  an  organic 
cementing  substance  which  is  of  the  nature  of  an 
albumen. 

Although  the  larger  uric  acid  calculi,  the  size  of  an 
almond,  are  found  in  the  pelvis  of  the  kidney,  we  must 
recollect  that  their  foundation  is  laid  in  the  kidney  tissue, 
and  that  Ebstein  has  found  their  origin  in  the  tubuli 
contorti.  Here,  and  j)erhaps  also  in  the  loop  of  Henle, 
and  in  the  junction  of  these  with  the  collecting  tubules, 
probably  all  the  small  and  tine  concretions  are  formed, 
which  later  become  voided  by  the  flow  of  urine  into  the 
collecting  tubes  and  the  pelvis  of  the  kidney,  where, 
under  favourable  conditions,  they  become  the  starting 
point  of  larger  calculi. 

Ebstein  has  endeavoured  to  explain  how  the  albumen 
which  holds  the  crystals  together  is  formed  in  the 
kidney.  In  his  opmion  the  uric  acid,  being  deposited  in 
the  epithelia  lining  the  tubules,  acts  as  a  chemical 
irritant  and  causes  necrosis  of  the  cells.  The  degene- 
rated cells  fall  off,  and  then  supply  the  cementing 
substance  for  the  calculi.  In  correspondence  with  ^ 
this  theory  he  mentions  the  uratic  deposits  in  new- 
born children,  in  gouty  and  other  affections  of  the 
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kidney,  as  the  chief  predisposing  cause  of  uric  acid 
calculi. 

Again,  according  to  Ebstein,  uric  acid  deposits  must 
be  considered  the  first  sign  of  the  uric  acid  diathesis,  and 
in  his  opinion  it  is  followed  in  a  large  number  of  cases 
by  a  pathological  condition  of  the  kidney  which  later  on 
tends  to  ^ive  rise  to  concretions.  On  the  examination  of 
a  kidney  which  had  deposits  of  uric  acid  in  it,  he  found 
in  the  tubules  and  in  the  cavities  formed  by  dilatations  of 
them  collections  of  an  albuminous  substance  showing 
concentric  layers,  and  which,  consequently,  might  be 
considered  the  basis  of  the  larger  uric  acid  stones,  which 
are  formed  in  layers. 

Ebstein  thinks  that  the  gouty  kidney  further  pre- 
disposes to  calculus  by  precipitation  of  biurate  of  soda 
taking  place  in  the  kidney ;  and  then  portions  of  the 
necrosed  and  infiltrated  kidney  tissues,  breaking  through 
into  the  lumen  of  the  tubules,  become  the  starting  point 
of  further  deposits  ;  or  that  the  gouty  kidney  is  compli- 
cated with  similar  morbid  processes  as  found  by  him  in 
the  case  of  uratic  deposits,  and  in  the  same  way  may  lead 
to  the  formation  of  concretions.  Such  pathological 
changes,  however,  have  not  been  demonstrated  by  him  in 
the  gouty  kidney.  In  conclusion,  he  thinks  that  all 
diseased  conditions  which  lead  to  necrosis  of  the  kidney 
tissue  may  also  be  the  cause  of  concretions. 

This  opinion  of  his,  however,  is  purely  theoretical. 
Even  if  occasional  calculi  can  originate  I'rom  the  deposi- 
tion of  uric  acid  crystals  in  or  around  portions  of  necrosed 
tissue,  and  if  in  new-born  children  they  can  form  by 
additions  to  the  uratic  deposits,  his  explanation  will  not 
tally  with  the  great  majority  of  cases. 

It  has  already  been  stated  that,  according  to  the 
researches  of  other  authorities,  uric  acid  crystals  are  not 
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deposited  in  the  epithehal  cells,  but  in  the  lumen  of  the 
tubes,  Avithin  the  row  of  epithelia ;  it  is  equally  untrue 
that  the  uric  acid  acts  as  a  chemical  poison.  This  is 
shoAvn  by  the  fact  that  a  considerable  quantity  of  uric  , 
acid  may  be  in  the  blood  in  various  kidney  diseases,  in 
leucocyth^mia,  and  pneumonia,  etc.,  without  giving  rise 
to  necrosis  of  cells  anywhere. 

Many  authors  have  declared  themselves  opposed  to 
Ebstein ;  and  Koberts  distinctly  says  that  in  gravel  uric 
acid  acts  only  as  a  mechanical  irritant,  and  that  the 
same  probably  is  true  in  gout. 

The  origin  of  the  albuminous  basis  of  the  uric  acid 
concretions  admits  of  a  much  simpler  explanation. 
When  uric  acid  crystals  are  precipitated  from  the  urine 
in  the  urinary  tubules  they  act  like  a  foreign  body,  as  a 
ujechanical  irritant  to  the  epithelia,  which  in  turn  react 
by  morbid  changes,  proliferation,  and  the  formation  of 
casts.  There  is  thus  supplied  an  albuminous  basis,  which 
is  then  infiltrated  with  crystals.  These  smaller  concre- 
tions are  carried  by  the  urine  into  the  collecting  tubes, 
where  the  same  process  again  takes  place,  but  on  a  larger 
scale,  and  at  last  they  reach  the  pelvis  of  the  kidney. 
Here  they  may  lie  and  become  the  nucleus  of  a  true 
kidney  stone,  which  increases  in  size  by  continued  fresh  de- 
positions of  uric  acid,  while  the  nmcous  membrane  of  the 
pelvis  takes  upon  itself  the  excretion  of  the  albuminous 
Substratum  from  which  the  concentric  la3'ers  are  formed, 
and  in  which  the  crystals  are  deposited. 

Various  researches  indicate  that  this  explanation  is 
correct.  Martin  and  Kuge*  found  on  microscopic  exami- 
nation of  the  urine  of  twenty-four  new-born  children, 
that  it  contained  hyaline  casts  in  fourteen  cases ;  and, 

*  Zntschrifl  flir  Geburtskunic,  1875.    Schmidts  Jahrb.,  1876,  i.  j).  169. 
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on  the  first  day  of  life,  it  contained  albumen  in  all  the 
cases  examined.  As  the  authors  remarked,  this  must 
certamly  be  explained  by  irritation  of  the  kidneys 
resulting  from  the  precipitation  of  uric  acid. 

Ultzmann  has  noticed  in  men,  otherwise  healthy, 
periodic  albuminuria  simultaneous  with  the  evacuation 
of  uric  acid  crystals.*  He  mentions  that  Leube  had  often 
found  crystals  of  uric  acid  in  the  urine  of  patients  who 
were  affected  by  periodic  albuminuria,  and  he  satisfied 
himself  that  several  individuals  described  by  Leube  as 
having  "  physiological  albuminuria "  had  afterwards 
undoubted  attacks  of  renal  colic,  and  thereafter  passed 
uric  acid  concretions.  Ultzmann,  therefore,  thinks  the 
deposition  of  uric  acid  crystals  in  an  acid  urine,  in  com- 
bination with  temporary  albuminuria,  a  first  step  to  the 
formation  of  uric  acid  concretions. 

Henoch!  states  that  the  urine  of  children  may  some- 
times contain  albumen,  and  in  a  few  months  the  health 
and  condition  of  the  urine  may  be  normal. 

Jolles,i  who  made  use  of  Gaertner's  centrifuge  for  the 
examination  of  the  solid  constituents  of  the  urine,  imme- 
diately after  its  elimination,  found  the  continuous  evacu- 
ation of  uric  acid  crystals  often  accompanied  by  the 
presence  of  hyaline  casts,  although  there  were  no  other 
signs  of  kidney  disease. 

Da  Costa  §  has  often  seen  uric  acid  crystals  in  the 
urine  in  combination  with  crystals  of  oxalate  of  lime, 
especially  in  boys. 

Sutherland  ||  found,  in  children  with  a  tendency  to 

*  Eulenhurg's  "  Rcalcncyclop."    Artilccl  "  Albuminuria." 

i  Kindcrkrankhcilcn,  Vorlesungm  iiber,  1881. 

XInterat.  /din.  Riindnchau,  1893,  p.  12. 

^  Americ.  Joiini.  nf  Mjd.  Science,  Jan.,  1803. 

il  lirii.  McJ.  Journal,  1892,  ii.  p.  856. 
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uric  acid  gravel,  slightly  periodic  attacks  of  hsematuria, 
or  albuminuria  of  ver}^  variable  degree  ;  casts  were  fre- 
quently present  at  the  same  time,  though  seldom  in  any 
quantity. 

A  number  of  very  interesting  observations  have  been 
made  by  My gge*  He  investigated  the  condition  of  the 
urine  of  232  individuals,  taken  without  selection  from 
the  patients  of  the  Kommune-hospital  in  Copenhagen. 
The  urine  of  the  twenty-four  hours  was  collected  and 
examined  every  second  day.  He  made  notes  of  3,287 
urine  examinations  ;  of  these,  2,786  (from  127  patients) 
showed  no  precipitation  of  uric  acid  crystals ;  in 
501  examinations  (of  105  persons)  there  was  a  decided 
deposition,  and  in  262  testings  (of  fifty-nine  patients)  the 
crystals  were  very  numerous.  In  forty-three  patients 
the  gravel  was  a  transitory  symptom  ;  in  sixteen  it  Avas 
contmuous.  In  twenty-seven  out  of  fifty  cases  mentioned, 
the  uric  acid  gravel  was  accompanied  by  albuminuria; 
in  twenty-two  there  was  a  trace  of  albumen,  and  in  the 
remaining  cases  a  chemical  examination  had  not  been 
made.  The  sediment  Avas  examined  microscopicah}^  in 
twenty- five  cases,  fourteen  of  which  contained  casts  and 
kidney  epithelia,  and  three  casts  only. 

In  addition  to  the  sixteen  cases  of  continuous  uric 
acid  gravel,  referred  to  above,  Mygge  collected  sixteen 
similar  cases  from  his  hospital  practice,  i.e.,  thirt5^-two 
cases  altogether.  Nine  of  these  suflfered  from  kidue}' 
disease,  ten  from  rheumatic  affections,  ten  from  pul- 
monary tuberculosis,  one  from  pneumonia,  one  from 
typhoid  fever,  and  one  from  emphysema.  In  twenty-one 
of  these  cases  the  gravel  was  associated  with  albumen, 
but  onl}^  in  small  amount,  and  temporary  in  character. 


*  Nordiskt  Med.  Archiv,  Bd.  18,  No.  23. 
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The  sediment  was  microscopically  examined  in  twenty- 
five  cases,  and  in  every  one,  without  exception,  kidney 
structures  were  found ;  in  twenty-four,  casts  and 
epithelial  cells,  and  in  one  epithelia  only.  In  certain 
cases  it  was  established  that  the  number  of  casts  was  in 
proportion  to  the  quantity  of  gravel.  Eight  of  the 
patients  here  referred  to  died,  and  were  examined  post- 
mortem ;  in  seven  of  these  there  were  undoubted  signs 
of  advanced  kidney  disease ;  in  the  eighth  case  the 
kidneys  were  not  examined  microscopically  ;  it  is  there- 
fore an  open  question  whether  in  this  case  also  there 
was  not  organic  disease  of  the  kidney. 

During  the  last  few  years  I  have  always  used  the 
microscope  in  the  examination  of  those  urines  which 
contained  crystals  of  uric  acid  on  elimination,  or  where 
such  were  deposited  very  shortly  afterwards.  It  has 
struck  me  that  this  condition  was  very  frequently 
accompanied  by  casts  in  the  urine.  These  were  some- 
times granular,  sometimes  hyaline.  As  I  did  not  at 
first  realise  the  importance  of  this  condition,  I  did  not 
take  notes  of  all  the  cases  in  which  such  observations 
were  made.  Some  of  the  most  characteristic  observa- 
tions of  this  kind,  chiefly  made  during  the  last  year  and 
a  half,  are  given  below. 

As  soon  as  the  urine  to  be  tested  was  obtained,  it 
was  placed  in  a  warm  room  in  a  conical  urine- glass,  and 
examined  when  the  deposit  had  formed :  latterly 
the  sediment  was  separated  by  Gaertner's  centrifugal 
machine. 

Case  I. — Ingrid  C,  ten  years  of  age,  suffered  from 
very  pronounced  renal  colic.  Eetween  the  attacks 
rosettes  and  aggregations  of  uric  acid,  mixed  with  hyaline 
casts,  were  found  in  the  urine. 

Case  II. — Tage  B.,  nine  years  of  age,  marked  hero- 
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ditary  uric  acid  diathesis.  On  March  21st,  1892, 
innumerable  crystals  of  uric  acid  were  found  in  the 
urine  immediately  it  was  passed :  the  smallest  the  size 
of  a  blood  corpuscle,  the  largest  twenty  to  thirty  times 
as  large ;  among  them  isolated  hyaline  casts ;  no 
amorphous  urates. 

Case  III. — Mrs.  M.  had  suffered  from  severe  pain 
in  the  region  of  the  kidneys  for  a  few  days  before  the 
18th  March,  1892.  On  this, day  she  passed  urine  clouded 
with  a  large  quantity  of  uric  acid  crystals.  The  crystals 
occurred  partly  isolated,  partly  arranged  in  large  groups 
or  rosettes  ;  there  were  also  a  few  granular  casts  and 
numerous  kidney  epithelia,  in  or  round  which  crystals 
were  deposited.    No  urates. 

Case  IV. — Mrs.  R.  had  suffered  for  some  time  from 
pain  in  the  loins,  radiating  into  the  left  hypochondrium 
and  the  abdomen.  Her  morning  urine  was  exammed 
on  the  24th  March,  1893,  and  found  to  be  very  acid. 
In  a  tall  urine  glass  there  formed  a  cloudy  sediment 
about  three  centimetres  high.  On  microscopic  examina- 
tion this  was  found  to  contain  a  large  amount  of  uric 
acid  crystals,  partly  isolated,  partly  arranged  in  rosettes 
or  in  mosaic-like  plates,  apparently  held  together  by 
some  cementing  substance.  Further,  there  were  cylin- 
drical aggregations  of  uric  acid  crystals,  like  small  sticks 
of  candy  sugar,  having  the  shape  and  size  of  the  larger 
collecting  tubes  of  the  kidney.  Besides  the  crj-stals 
the  sediment  contained  innumerable  epithelia,  partly 
separate,  partly  hanging  together  in  plates ;  many  of 
these  appeared  to  have  come  from  the  calices  of  the 
kidney ;  there  were  also  occasional  hyaline  casts,  but 
absolutely  no  urates. 

Case  V. — Grosshandler  R,  forty-eight  yecivs  of  age,  sul- 
fered  from  a  very  mild  form  of  diabetes  ;  the  quantity  of 
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sugar  never  being  more  than  1  per  cent,  and  often  below 
O'o  per  cent.  He  had  often  shown  symptoms  of  gravel, 
which  were  treated  with  alkalies.  After  the  pain  of  one 
of  these  attacks  had  disappeared,  he  passed  on  the  27th 
March,  1892,  a  shghtly  alkaline  urine,  which  rapidly 
deposited  a  white  fiocculent  sediment ;  in  it  there  were 
found  many  large  and  beautiful  crystals  of  uric  acid, 
some  of  them  free,  some  of  them  deposited  in  or  round 
granular  casts.  In  one  of  the  specimens,  bodies  hke  sago 
grains  Avere  to  be  seen,  containing  a  quantity  of  crystals 
and  clumps  of  uric  acid ;  these  bodies  Avere  very  numer- 
ous, rather  small,  surrounded  by  Avhetstone-shaped 
crystals,  which  had  apparently  been  deposited  round 
them.  After  a  further  attack  of  pain  there  formed,  on 
the  14th  June,  1892,  in  an  almost  neutral  urine  (the 
treatment  being  Fachinger  water),  a  sediment  composed 
of  a  few  uric  acid  crystals  and  several  large  hyaline 
casts,  one  of  Avhich  Avas  branching,  and  in  one  of  the 
branches  deposits  of  uric  acid  crystals. 

A  similar  case  is  reported  by  V.  Hosslin.'*  An 
epileptic,  thirty-five  years  of  age,  after  violent  colick-like 
pains,  lasting  eighteen  hours,  passed  urine  in  Avhich  there 
formed  a  sediment  of  urates,  mixed  Avith  flakes  and 
threads.  On  microscopic  examination  these  proved  to 
be  branching  casts,  inside  Avhich  Avas  a  tine  granular 
deposit,  considered  by  Hosslin  to  be  urates,  but  pi'obably 
uric  acid.  The  casts  Avere  dissolved  in  a  solution  of 
potash,  and  according  to  their  shape  and  size  must  have 
been  formed  in  the  collecting  tubules. 

Casts  are  found  not  only  in  combination  Avith  deposits 
of  uric  acid  crystals,  but  also  Avith  oxalate  of  lime 
crystals  in  the  urine. 

*  Miinclicncr  wed.  Woohmisclir.,  1889,  No.  4S.  V\d,Q  Uirsch-firchow^K 
Jahrcab.,  1889,  i.  p.  229, 
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Case  VI. — Mrs.  G.,  after  several  years  of  persistent 
and  violent  colic,  passed  a  calculus  in  the  urine.  At  a 
later  period  she  again  showed  symptoms  of  gravel.  The 
urine  was  examined  on  the  2nd  April,  1892,  after  an 
attack  of  pain.  It  was  clear,  contained  a  light  cloudy 
sediment  of  epithelial  cells,  a  few  granular  casts  and 
fragments  of  them,  together  with  a  large  number  of 
small  oxalate  of  lime  crystals  which,  when  magnified 
100  times,  looked  like  fragments  of  broken  glass,  but  had 
the  characteristic  envelope-like  appearance  under  a 
power  of  250  diameters. 

Case  VII. — Herr  K.  Urine  examined  on  the  2nd 
May,  1892.  It  contained  a  large  number  of  oxalate  of 
lime  crystals,  besides  numerous  "  round  cells "  and 
several  granular  casts,  in  which  many  small  oxalate  of 
lime  crystals  were  deposited. 

After  I  had  met  with  this  fi-equent  combination  of 
casts  and  crystals  of  different  kinds  in  the  urine,  I 
endeavoured,  as  far  as  lay  in  niy  power,  to  prove  ex- 
perimentally that  casts  may  really  originate  by  the 
deposition  of  crystals  in  the  urinary  tubules.  I  con- 
ducted this  experiment  upon  myself,  as  I  have  a 
marked  predisposition  to  uric  acid  gravel,  Avbich  can 
be  controlled  only  by  the  continuous  employment  of 
alkalies. 

On  Saturday,  the  18th  February,  1893,  I  stopped 
taking  alkalies,  while  the  usual  diet  and  mode  of  living 
remained  unchanged ;  the  urine  was  slightly  alkaline, 
contained  no  deposit  of  any  kind,  and  no  albumen.  On 
Wednesday,  the  22nd,  the  urine  on  evacuation  Avas 
strongly  acid,  contained  a  few  medium  sized  and  in- 
numerable very  small  crystals  of  uric  acid,  also  many 
round  cells,  with  large  and  small  fragments  of  granular 
casts.    As  the  experiment  had  brought  on  pain  in  the 
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region  of  the  right  kidney  it  was  not  continued.  After 
taking  bicarbonate  of  soda  for  several  days  the  urine 
again  became  slightly  alkaline,  contained  no  casts, 
and  no  uric  acid  crystals,  even  several  hours  after 
evacuation. 

An  investigation  by  Glaser*  may  be  mentioned  here. 
By  the  careful  use  of  the  centrifuge  in  the  examination 
of  the  urine  of  fifteen  different  patients,  he  found  that 
in  most  cases  (thirty-three  out  of  forty)  the  number 
of  leucocytes  could  be  considerably  raised  above  the 
normal,  if  the  individual  under  examination  was  allowed 
a  large  quantity  of  beer.  On  twenty-five  occasions  casts 
and  cylindroids  appeared  in  the  urine,  and  if  the  large 
amount  of  beer  was  continued  a  very  marked  increase  in 
the  solid  elements  of  the  urine  resulted,  very  frequently 
crystals  of  uric  acid  or  oxalate  of  lime  being  found  in  the 
sediment. 

Glaser  thinks,  however,  that  the  formation  of  casts 
can  be  explained  by  the  direct  action  of  the  alcohol 
upon  the  kidneys ;  but  probably  the  action  is  an  indirect 
one.  By  the  lai-ge  quantity  of  alcohol  consumed  a  greater 
proportion  of  uric  acid  is  formed,  which,  becoming  de- 
posited in  the  tubuli  uriniferi,  gives  rise  to  the  formation 
of  casts. 

The  facts  stated  above  all  seem  to  indicate  that  the 
deposition  of  uric  acid  in  the  tubules  can  set  up  de- 
squamation of  the  epithelia  and  the  formation  of  casts. 
Further,  crystals  may  then  be  deposited  in  the  various 
casts  formed  in  this  way,  and  so  lay  the  foundation  of  a 
true  kidney  concretion. 

From  the  facts  here  discussed  we  may  conclude  that 

*  Beut.iche  mcd.  IFochcnschr.,  1891.  Vide  Ccntralblall  f.  Jdin.  Med., 
1891,  p.  957. 
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the  pathology  of  kidney  concretions  is  as  follows :  When 
the  chemical  composition  of  the  urine  is  such  that  uric 
acid  becomes  deposited  in  the  kidney,  the  crystals  are 
first  of  all  laid  down  in  the  tubules  of  the  cortex,  tubuli 
contorti,  etc.  As  long  as  they  are  not  numerous  they 
may  be  washed  out  by  the  flow  of  urine  without  giving 
rise  to  any  particular  inconvenience.  Under  special 
conditions,  as  for  instance  when  the  proportion  of  uric 
acid  in  the  urine  becomes  suddenly  increased,  a  large 
number  of  crystals  are  at  one  time  deposited  in  the 
kidney  tubules,  and  act  there  like  a  foreign  body.  There 
is  then  set  up  an  irritation  of  the  epithelia  characterised 
by  the  formation  of  casts  of  various  kinds,  which  are  in 
turn  infiltrated  with  crystals  and  lay  the  foundation  of 
a  concretion  which  may  reach  a  certain  size  even  in  the 
collecting  tubes.  If  such  a  minute  calculus  lies  in  the 
calices  or  in  a  hollow  of  the  pelvis,  it  increases  in  size 
and  causes  a  diseased  condition  of  the  mucous  membrane. 
By  means  of  this  an  albuminous  substance  is  excreted, 
and  deposited  in  consecutive  layers  as  the  concretion 
grows  in  size  from  the  additional  deposits  of  uric  acid. 
If  uric  acid  is  deposited  in  an  already  diseased  kidney, 
and  if  casts  have  already  formed  in  the  tubes,  the  con- 
cretions will  form  more  rapidly;  this  will  also  be  the 
case  when  pieces  of  necrosed  tissue  or  foreign  bodies 
exist  in  the  kidney,  as  they  lend  themselves  to  the 
infiltration  of  uric  acid  crystals. 

If  this  pathological  process  continues  for  some  time 
it  will  not  only  tend  to  the  formation  of  larger  concre- 
tions, but  may  also  cause  chronic  disease  of  the  kidney 
by  extension  from  the  epithelia  to  the  kidney  tubes 
themselves,  and  later  on  may  also  attack  the  interstitial 
tissue.  For  this  reason  granular  atrophic  kidneys  are 
very  frequently  found  at  the  autopsy  of  patients  who 
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have  suffered  from  stone  of  the  kidney  for  many 
years. 

This  chronic  kidney  affection  may  early  interfere 
with  the  excretory  power  of  the  kidney,  and,  as  Charcot 
states,  the  uric  acid  appears  to  be  partly  retained  in 
that  stage  of  the  kidney  affection  in  which  the  urea 
and  other  easily  soluble  constituents  of  the  urine  can 
pass  oft'. 

Here,  perhaps,  lies  the  explanation  of  the  fact  that 
symptoms  of  gravel  or  stone  of  the  kidney  very  often 
occur  in  younger  men  who  later  in  life  are  affected  with 
typical  gout. 


SYMPTOMS  AND  COURSE. 

Almost  all  writers  who  have  dealt  with  the  symptoma- 
tology of  gravel  have  confined  themselves  to  a  description 
of  the  true  renal  colic.  This  colic  ensues  when  a  con- 
cretion of  some  size  enters  the  ureter,  and  bemg  wedged 
in  is  pushed  farther  on  by  morbid  contraction  of  its 
wall,  giving  rise  to  great  pain.  It  is  everywhere  very 
fully  described,  with  accurate  pictures  of  all  the  asso- 
ciated symptoms,  such  as  nausea,  vomiting,  radiating 
pains,  etc. 

It  is  only  exceptionally  intimated  that  these  con- 
cretions, the  origin  and  growth  of  which  must  in  most 
cases  have  occupied  a  long  time,  make  themselves  known 
long  before  the  occurrence  of  colic  through  symptoms 
which  can  lead  the  physician  on  their  track  at  the  right 
tune. 
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Ewald*  states  that  gravel  may  be  in  existence 
without  showing  any  symptoms,  but  that  it  is  often 
accompanied  by  a  number  of  obscure  and  indistinct 
symptoms  which  cannot  be  referred  to  any  known  cause. 
Among  these,  he  mentions  as  the  most  frequent  pain  in 
the  loins,  sometimes  occurring  continuously,  sometimes 
in  paroxysms,  and  also  irritability  of  the  bladder. 

More  accurate  accounts  are  to  be  found  in  the 
works  of  several  specialists  on  diseases  of  children,  such 
as  Henoch,  f  and  some  English  and  American  writers — 
Sutherland,^  Goodhart,§  Dana,||  and  Da  Costa. T[  The 
Danish  author  Lange**  has  also  contributed  valuable 
mformation  on  the  symptomatology  of  the  uric  acid 
diathesis. 

Numerous  symptoms  are  in  reality  associated  with 
uric  acid  gravel  from  its  commencement,  and  are  more 
or  less  constantly  present,  when  examination  of  the  urine 
reveals  the  objective  symptoms  of  precipitation  of  uric 
acid  crystals  in  the  urinary  passages. 

The  nature  and  locality  of  the  symptoms  undoubtedly 
indicate  that  precipitation  of  the  crystals  sets  up  an  irri- 
tation of  the  kidneys,  which  shows  itself  in  various  ways. 
It  is  quite  possible  that  crystals  of  uric  acid  may  be  de- 
posited in  the  bladder  also.  Here,  however,  the  conditions 
favourable  for  the  accumulation  of  crystals  to  form  a  true 
«oncretion  very  rarely  occur,  and  the  precipitation  of 
uric  acid  in  this  locality  is  therefore  devoid  of  symptoms, 

*  Eulenburg's  "  Realencyclopadie,"  Bd.  xv.  p.  229. 
t  "  Vorlesungen  iiber  Ivinderkrankheiten,"  1881. 
X  British  Medical  Jvurnal,  1892,  i.  p.  856. 
^  BrUish  Mediial  Journal,  1891,  ii.  p.  251. 
II  Medical  Record,  1886,  No.  3. 

^  American  Journal  of  Medical  Science,  1883,  p.  313,  and  1893,  i.,  Heft. 
**  "  Periodiske  Depressionstelstande,"  Kopenhagen,  1886,  and  "  Hos- 
intjiltstidende  E.,"  3  Bd.  ix. 
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as  the  crystals  readily  pass  out  through  the  urethra ;  at 
most,  they  attract  attention  by  a  sHght  burning  sensation 
in  the  urethra,  or  irritabihty  of  the  bladder. 

As  the  symptoms  show  themselves  in  father  different 
ways,  according  as  the  disease  occurs  in  adults  or  in 
children,  I  shall  now  endeavour  to  represent  these  two 
types,  relying  on  what  I  have  gathered  from  my  own 
experience  and  the  various  writings  on  the  subject. 

Henoch*  states  that  he  met  with  in  two  children, 
two  to  four  years  of  age,  paroxysms  of  violent  pain, 
accompanied  by  shivering,  and  later  by  feverishness. 
The  attacks  lasted  several  hours,  recurred  at  several 
days'  interval,  and  ended  with  the  evacuation  of  a  turbid 
urine  loaded  with  urates,  and  containing  albumen.  Sub- 
sequently the  health  of  the  children  was  good,  and  the 
urine  normal  in  several  months.  As  the  attacks  of  paiji 
were  accompanied  by  sickness  and  constipation,  the  con- 
dition was  at  first  believed  to  be  intestinal  colic,  but  as 
soon  as  the  state  of  the  urine  was  noticed  attention  was 
directed  to  the  kidneys.  Henoch  has  never  observed 
true  uric  acid  gravel  in  children,  but  has  seen  tem- 
porary albuminuria  with  attacks  of  pain.  He  attributes 
the  pain  to  irritation  of  the  kidneys  arising  from  the 
morbid  constitution  of  the  urine,  and  states  that  the 
disease  is  cured  by  the  use  of  alkaline  mineral  waters, 
like  Vichy,  Wildungen,  etc.,  or  by  prolonged  administra- 
tion of  bicarbonate  of  soda. 

Kjellbcrgt  mentions  several  cases  of  ha^maturia  in 
children,  which  he  considered  due  to  gravel.  A  girl,  ten 
years  old,  who  had  not  suffered  from  scarlatinal  or  any 
other  inflammation  of  the  kidney,  had  relapsing  hrema- 

*  "  Vorlesungcn  ubor  Kindcrkrankheitcn,"  p.  541. 
t  Kurdiskl.  Med.  Archiv,  1870,  No.  28. 
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turia,  which  was  not  reheved  by  hfemostatic  medicines. 
It  was  then  noticed  that  the  urine  contained  a  large 
sediment  of  uric  acid  crystals,  and  on  the  administration 
of  Carlsbad  water  both  the  deposit  of  uric  acid  and  the 
hsematuria  disappeared,  but  returned  again  Avhen  the 
alkalies  were  discontinued.  The  disease  totally  dis- 
appeared on  the  prolonged  administration  of  Carlsbad 
water.  In  a  boy  seven  years  of  age  a  similar  condition 
existed,  but  there  was  also  present  frequent  desire  to 
pass  water  and  a  scalding  sensation  in  the  urethra  while 
the  hfematuria  and  precipitation  of  uric  acid  lasted. 
Kjellberg  mentions  also  several  cases  of  albuminuria 
accompanied  by  uric  acid  crystals  in  the  urine.  In  one 
of  these  the  urine  Avas  examined  microscopically  imme- 
diately on  elimination.  In  the  sediment  epithelia,  round 
cells,  and  uric  acid  crystals  were  found,  but  no  casts.  In 
these  cases  also  by  the  employment  of  Carlsbad  water  the 
crystals  disappeared,  after  them  the  albumen, 

Sutherland*  has  given  a  most  complete  account  of 
the  symptoms  of  uric  acid  gravel  in  children,  though  his 
explanation  of  them  is  certainly  incorrect.  In  his  opinion, 
some  symptoms  may  arise  from  an  abnormal  proportion 
of  uric  acid  in  the  blood,  others  by  the  formation  of 
crystals  and  small  concretions  in  the  kidneys.  His 
description  of  the  patients  and  their  symptoms  corre- 
sponds fully  with  my  own  experience,  at  least  in  a  large 
number  of  these  young  people. 

According  to  Sutherland,  these  children  are  usually 
precocious,  with  small  restless  bodies,  very  changeable 
and  nervous,  sometimes  extremely  lively,  sometimes  very 
depressed ;  they  fall  asleep  with  difficulty,  sleej)  is  short 
and  restless,  and  they  often  talk  in  it.    They  eat  little, 

*  British  Medical  Journal,  1872,  i.  856. 
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and  show  pronounced  dislike  for  certain  foods,  they 
catch  cold  readily,  giving  rise  to  attacks  of  pain,  usually, 
however,  of  short  duration,  especially  should  the  child 
be  kept  in  bed. 

Yarious  catarrhal  affections,  headache,  and  intercostal 
neuralgia,  are  common  in  such  constitutions,  and  some 
have  irregular  action  of  the  heart ;  liver  and  spleen  may 
be  enlarged  ;  sometimes  there  is  no  other  complaint 
than  pain  in  the  abdomen,  located  at  the  umbilicus  or 
in  the  right  iliac  region. 

Attacks  like  colic  may  likewise  be  met  with,  as 
Goodhart  also  mentions ;  but  as  the  pain  is  usually 
referred  to  the  umbilicus,  the  disease  is  often  misunder- 
stood. In  the  more  severe  cases,  nausea,  vomiting  and 
hematuria  also  occur ;  in  the  milder  cases,  pain  alone  is 
complained  of  Albuminuria  may  be  present  along  Avith 
the  paroxysms  of  pain  or  immediately  after  them,  and 
sometimes  casts  in  the  urine,  though  seldom  many  at 
one  time.  Sometimes  the  presence  of  uric  acid  or 
oxalate  of  hme  concretions  in  the  kidney  may  give  rise 
to  intermittent  albuminuria  or  hiematuria.  Enuresis 
and  pain  on  defsecation  are  rarer  symptoms. 

I  have  myself  not  unfrequently  met  with  gravel  in 
children,  and  have  detailed  notes  of  seven  such  cases,  5 
boys  and  2  girls.  They  do  not  all  belong  to  the  same  class 
as  Sutherland's  patients,  for  dull,  slow,  partly  scrofulous 
children  are  also  in  evidence  ;  all  belong  to  families  in 
which  the  uric  acid  diathesis  is  hereditary,  either  on  the 
father's  side,  or  the  mother's,  or  on  both.  Several  of  my 
patients  correspond  so  thoroughly  with  Sutherland's 
description,  that  he  might  have  had  them  before  him 
while  he  wrote,  as  will  be  seen  by  the  following  account 
of  one. 

Ingrid  C,  11  years  of  age,  with  a  neurotic  family 
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history ;  mother  suffered  from  time  to  time  with  gravel 
for  many  years ;  small  for  her  age,  muscular  system 
weakly  developed ;  extremely  lively  and  agile,  easily 
inclined  to  mirth  or  sadness,  and  tending  to  extremes  in 
both  directions  ;  rather  pale-faced  than  rosy,  but  subject 
to  sudden  changes,  on  which  follow  paleness  and  languor ; 
she  has  no  symptoms  of  scrofula  or  rickets.  With  the 
exception  .of  the  customary  diseases  of  childhood,  which 
have  been  passed  through  several  years  ago,  she  shows 
no  other  symptoms  than  fi'equent  attacks  of  pain,  of 
greater  or  less  intensity  and  duration.  The  pain  may 
come  on  at  any  time,  is  felt  in  the  umbilical  or  left 
hypochondriac  region,  but  never  in  the  situation  of  the 
kidneys.  The  attacks  may  last  several  hours,  and  be 
repeated  at  intervals  of  several  days ;  during  them  she  is 
pale,  devoid  of  energy,  low-spirited,  eats  very  little,  and 
suffers  from  nausea  without  vomiting. 

In  the  summer  of  1892  the  paroxysms  of  pain  were 
so  severe,  that  they  gave  rise  to  tj^Dical  attacks  of 
hysteria  in  which  the  patient  screamed,  threw  her  anns 
about,  and  Avas  partially  unconscious.  Concretions  of 
any  size  have  never  been  noticed  in  the  urine.  It  has 
often  been  examined  immediately  on  elimination ;  it 
was  pale,  acid,  and  contained,  during  and  after  the 
attacks  of  pain,  large  quantities  of  uric  acid  crystals  of  a 
particularly  large  size,  and  arranged  partly  in  rosettes ; 
it  frequently  contained  also  hyaline  casts,  but  never  in 
large  numbers.  It  has  never  deposited  urates  while 
standing  before  being  examined.  The  bowels  have 
always  been  natural,  and  no  objective  signs  of  any 
organic  disease,  etc.,  can  be  detected. 

This  history  also  heljDS  to  show  that  children  almost 
never  refer  the  pain  to  the  region  of  the  kidney ;  the 
seat  of  pain  is  generally  stated  to  be  about  the  umbilicus. 
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in  other  cases  in  the  left  hypochonclrium,  or  sides  of  the 
abdomen;  it  may  radiate  into  the  thighs  or  round  to 
the  back.  Strangury  may  be  present,  especially  in  the 
case  of  boys. 

Usually  the  pain  commences  quite  suddenly  and 
without  perceivable  cause  ;  sometimes  the  children  wake 
in  the  night  with  pain  and  screaming.  Very  often  con- 
stipation is  present,  and  then  the  pain  is  apt  to  be 
attributed  to  an  intestinal  affection  or  to  worms. 

A  symptom  almost  as  constant  as  pain  is  the  sudden 
onset  of  unaccountable  indisposition,  tiredness,  and  de- 
pression, which  may  advance  to  a  state  of  complete 
melancholia,  and  alarms  the  parents,  because  it  stands 
in  no  proportion  to  the  other  apparently  mild  change  in 
the  condition  of  the  child. 

The  mother  of  one  of  these  patients,  Paul  G  , 

twelve  years  of  age,  described  his  illness  as  follows : — 
"  The  boy  complains  of  a  frequent  desire  to  make  water, 
accompanied  by  a  scalding  sensation.  He  wakes  once 
&very  night  to  pass  water,  and  complains  of  a  pain  near 
the  navel,  and  has  frequent  desire  to  go  to  stool.  He  is 
changeable  in  his  play  and  work,  easily  tired  and  de- 
pressed, and  this  state  may  later  on  advance  to  one 
of  marked  low-spiritedness  without  any  conceivable 
cause." 

The  urine  was  quite  clear,  acid,  and,  as  far  as  one 
could  see,  had  no  sediment.  On  using  the  centrifuge 
there  were  at  the  bottom  of  the  glass  a  number  of 
medium-sized  and  several  very  large  aggregations  of 
uric  acid  crystals,  but  .no  signs  of  urates. 

A  similar  great  mental  depression  has  been  shown  by 
Lange  *  to  occur  in  adults.    In  his  treatise  on  this  con- 

*    "  Periodiskc  Dcprcssionstandc,"  Kopcnhigcn,  1S86. 
I  2 
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dition  he  says  that  he  has  really  had  no  opportunity  of 
observing  it  in  children,  but,  judging  from  the  statements 
of  patients,  he  is  disposed  to  think  that  indications  of  it 
may  also  be  found  in  children. 

The  description  of  the  disease  varies  more  in  adults, 
perhaps  because  they  are  in  a  better  position  to  notice 
and  describe  the  symptoms. 

The  most  constant  symptom  is  a  dull  pain  in  the 
loms,  occuiDying  the  seat  of  one  or  both  kidneys.  In  the 
text-books  of  the  pathology  pain  is  the  only  symptom 
mentioned  as  the  forerunner  of  true  colic ;  it  has,  how- 
ever, little  similarity  to  the  pain  in  renal  colic,  as  it  is 
continuous  and  generally  not  very  severe,  being  more 
like  a  feeling  of  tenderness  without  being  augmented  by 
pressure  over  the  painful  spot.  It  is  very  often  aggra- 
vated when  the  patient  occupies  the  same  position  for  a 
considerable  time,  especially  if  it  is  rather  a  strained 
position,  as  in  continuous  work  at  a  writing  table ;  the 
patients  then  experience  pain  when  they  straighten 
themselves,  although  at  the  same  time  they  have  a  con- 
stant desire  to  do  so,  to  change  their  position  or  place. 
It  disappears  generally  on  the  application  of  warmth,  or 
on  recourse  to  the  recumbent  position,  and  so  does  not 
disturb  sleep. 

Patients  often  attribute  the  pain  to  a  rheumatic 
lumbago,  which  is  treated  in  vain,  and  often  indeed 
aggravated  by  massage,  warm  baths,  Russian  baths,  etc. 
This  treatment  is  almost  as  harmful  as  vapour  baths  and 
prolonged  Avarm  baths,  which,  according  to  Horbaczewski, 
increase  the  production  of  uric  acid,  and  so  directly 
minimise  the  chances  of  the  patient. 

The  pain  may  radiate  from  the  loin  in  various  direc- 
tions, sometimes  towards  the  left  hypochondriac  region^ 
and  in  this  way  the  disease  is  frequently  mistaken  for 
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some  stomacli  disorder,  especially  in  young  Avomen  for 
simple  ulcer  of  the  stomach.  Sometimes  it  radiates  to 
the  back,  between  the  shoulder-blades,  and  occasionally 
down  the  arms.  Very  often  it  goes  down  one  or  both 
thighs  so  intensely  and  continuously  as  to  simulate 
sciatica.  It  is  distinguished  from  this,  however,  by 
being  confined  to  the  outer  and  anterior  aspects  of  the 
thighs,  appearing  to  follow  the  distribution  of  the 
external  cutaneous  nerve.  It,  therefore,  extends  only 
as  far  as  the  knee,  and  there  are  neither  tender  points 
nor  pain  along  the  posterior  aspect  of  the  thigh,  or  below 
the  knee. 

Several  authors  have  stated  that  various  neuralgias, 
migraine,  attacks  of  angina,  asthma,  etc.,  may  arise  from 
kidney  irritation  due  to  gravel.  Da  Costa  *  mentions 
them  as  associated  with  uric  acid  gravel ;  Cantani  f  and 
Kischj;  as  symptoms  of  the  precipitation  of  oxalate  of 
lime  crystals. 

I  have  myself  met  with  in  one  female  patient  feelings 
of  oppression,  palpitation,  and  shortness  of  breath  ending 
in  syncope,  without  being  able  to  account  for  them  on 
examining  the  heart  and  other  organs,  and  Avithout 
being  able  to  find  any  other  affection  which  could 
account  for  them,  except  a  hercditar}^  uric  acid  tendency 
in  both  parents  and  a  well-established  uric  acid  diathesis, 
with  symptoms  of  gravel.  I  naturally  drew  no  con- 
clusion from  this  single  case,  as  these  symptoms  might 
well  be  explained  in  another  way. 

Constipation  is  not  unfrequently  met  with  in  these 
patients,  and  must  be  regarded  as  a  nervous  symptom. 


*  American  Journal  of  Medical  Science,  1893. 

+  I'aiholoyie  unci  Tlicropie  tier  8toJj\vechseUkrfiiikheitcn,  1880,  Bd.  2. 
X  Ikrl.  klin.  Wuchcnsch.,  1892,  p.  317. 
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lu  0119  young  lady,  who  had  suffered  for  a  number  of 
years  from  obstmate  constipation,  for  which  innumerable 
strong  purgative  medicines  and  mineral  waters  had  been 
employed  in  vain,  treatment  directed  against  the  exist- 
ing uric  acid  precipitation  very  quickly  brought  back 
the  normal  action  of  the  bowels,  which  remained  normal 
for  more  than  two  years  under  continuous  employment 
of  small  doses  of  bicarbonate  of  soda. 

Lange*  has  called  attention  to  the  existence  of  a 
considerable  and  persistent  itching  of  the  skin,  as  a 
result  of  uric  acid  gravel ;  this  symptom  has  also  been 
mentioned  by  Da  Costa.f  In  the  four  cases  referred  to 
by  Lange,  the  success  of  treatment  of  the  diathesis  was 
very  apparent,  as  the  itching  disappeared  when  the 
patient  continued  to  take  alkalies,  but  reappeared  Avhen 
the  treatment  was  stopped  for  some  time. 

LangeJ  has,  moreover,  collected  a  number  of  observa- 
tions, which  show  that  the  uric  acid  diathesis  is  able  to 
occasion  a  peculiar  mental  affection,  showing  itself  by 
periodic  states  of  depression,  without  hallucination 
tendencies.  They  do  not  lose  the  ability  of  compre- 
hending their  condition  as  purely  morbid,  but  they  are 
completely  unable  to  shake  off  the  disinclination  and 
dislike  for  all  things  and  all  people,  which  makes  their 
existence  so  unbearable.  Along  with  the  depression  of 
spirits  there  is  usually  tiredness,  some  sleejalessness,  and 
loss  of  flesh. 

Among  my  adult  patients  I  have  seen  only  in  one 
case  a  morbid  condition  accurately  corresponding  to 
Lange's  description,  and  this  occurred  in  a  patient  with 

*  TlnspUahtidcndc,  R.  3.  B.  ix.  p.  553. 

t  Americ.  Jotirxttl  Med.  Science,  1883.  p.  313  ;  u.  1893,  i.  Heft. 
X  Periodiske  Bepressions'.ihtande,  etc.,  Kopcnhagcn,  1886. 
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mild  arthritic  symptoms,  but  with  no  signs  of  gravel.  I 
have  seen,  in  three  cases  of  uratic  precipitation  in  the 
kidney,  slight  symptoms  of  periodic  depression ;  one  of 
these  had  onsets  of  rather  severe  pain,  not,  however, 
t3''pical  of  renal  colic. 

A  certain  depression  of  spirits  almost  always  accom- 
panies the  repeated  painful  sensations  characteristic  of 
the  formation  of  gravel ;  but  this  rarely  is  of  so  pro- 
nounced a  character  as  to  appear  quite  separate  from  the 
existing  lesion,  and  so  to  come  within  the  category  of 
mental  affections. 

As  already  remarked,  the  objective  symptom  of  this 
disease  is  the  precipitation  of  uric  acid  crystals  in  the 
urine,  either  immediately  after  or  before  its  evacu- 
ation. 

Mygge*  has  given  a  very  good  and  characteristic 
description  of  the  urine  of  such  patients,  when  it  is 
collected  for  twenty-four  hours.  One  of  the  peculiarities  of 
this  urine  is  that  it  is  very  rarely  tiu'bid,  and  apart  from  a 
crystalline  sediment  and  an  extensive  cloud  of  mucus, 
which  quickly  falls  to  the  bottom,  it  is  surprisingly  clear, 
and  as  a  rule  remains  so,  although  left  standing  for  days 
or  even  weeks,  under  conditions  supposed  to  favour 
alkaline  decomposition.  When  the  urine  passed  during 
the  twenty-four  hours  is  collected  in  a  urine  glass,  and 
the  portion  at  the  bottom  of  the  glass  poured  into  a 
conical  glass,  in  a  short  time  there  forms  at  the  bottom  a 
dense  layer  of  uric  acid  crystals,  from  two  millimetres  to 
one  and  a  half  thick ;  above  this  is  to  be  seen  a  con- 
siderable cloud  of  mucus,  intermixed  with  minute 
sparkling  crystals  of  uric  acid,  which  sometiuies  also 
form  on  the  sides  of  the  glass  a  diamond-dust-like  layer. 


»  SordislU.  Med.  Archiv,  Bd.  18.  No.  23. 
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Above  the  cloud  of  mucus  the  urine  is,  as  a  rule,  perfectly 
clear  and  often  remarkably  bright. 

The  urine  is  best  examined  immediately  on  being 
passed,  so  that  there  can  be  no  doubt  that  the  precipita- 
tion of  uric  acid  is  a  primary  phenomenon,  and  not  due 
to  the  secondary  disintegration  of  the  quadriurate 
deposited.  The  best  plan  is  for  the  patient  to  pass  the 
water  in  presence  of  the  physician,  or  where  this  is  im- 
practicable, to  let  him  get  it  as  soon  after  elimination  as 
possible.  As  the  morning  urine  is  always  the  most  liable 
to  deposit  uric  acid  crystals,  I  have  in  most  cases  asked 
for  a  sample  of  it.  The  urine  is  poured  into  a  conical 
glass,  and  may  be  examined  in  the  course  of  15  to  20 
minutes.  Since  I  have  had  Gartner's  centrifuge  at  my 
disposal,  I  have  preferred  to  let  the  urine  stand  in  a 
conical  glass  for  5  to  10  minutes,  then  to  carefully  pour 
off  the  upper  part,  and  put  the  lower  portion  in  the 
centrifuge.  When  in  the  sediment  so  obtained  large  or 
very  numerous  crystals  of  uric  acid  are  found,  mixed 
together  with  round  cells,  kidney  epithelia,  or  casts,  one 
is  warranted  in  attributing  the  existing  symptoms,  such 
as  pain  in  the  loins,  radiating  neuralgia,  depression  of 
spirits,  etc.,  to  the  commencing  formation  of  gravel  in 
the  kidney. 

When  precipitated  uric  acid  is  not  inmiediately  found, 
it  is  advisable,  as  recommended  by  Roberts,  to  let  the 
urine  stand  in  a  warm  place  (about  20"  C),  in  order  to 
observe  if  in  the  course  of  a  few  hours  a  deposition  of 
crystals  takes  place ;  when  this  happens  the  urine  must 
be  considered  to  possess  an  abnormal  tendency  to  deposit 
crystals,  and  this  along  with  an  accidental  increase  of 
uric  acid  production  can  cause  precipitation  in  the 
kidney.  When,  on  the  other  hand,  only  a  layer  of 
amorphous  quadriurate  forms,  no  conclusion  can  be 
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drawn  from  the  presence  of  many  or  feAV  crystals  of  uric 
acid  along  with  it,  as  these  may  be  formed  by  the  de- 
composition which  normally  takes  place  when  the  urine 
sediment  stands  for  a  long  time. 

It  uuist  always  be  remembered  in  examining  the 
urine  that  the  degree  of  acidity,  which  plays  so  import- 
ant a  roLe  in  precipitation  of  uric  acid,  is  influenced  by 
many  circumstances ;  after  fasting  the  urine  is  acid,  after 
a  meal  it  is  neutral  or  even  alkaline ;  moreover  the 
taking  of  alcohol  or  medicines  may  render  the  examina- 
tion fruitless. 

Roberts,*  who  carefully  investigated  this  subject, 
found  that  the  urine  of  a  healthy  man  Avas  strongly  acid, 
and  contained  the  greatest  percentage  of  uric  acid  in  the 
morning,  after  14  to  16  hours'  fasting  ;  and  as  already 
stated,  the  examination  of  the  morning  urine  is  to  be 
preferred  for  this  reason. 

It  can  hardly  be  doubted  that  the  pain  in  the  loins, 
neuralgia,  etc.,  are  symptoms  of  an  irritable  condition  of 
the  kidneys,  and  are  caused  by  the  uratic  precipitate 
acting  as  a  foreign  body.  Lange,  in  his  treatise  on  the 
states  of  depression  which  may  arise  from  the  uric  acid 
diathesis,  comes  to  the  conclusion  that  they  cannot  be 
attributed  to  a  reflex  condition,  but  result  from  an  excess 
of  uric  acid  circulating  in  the  blood,  and  are  a  direct  ex- 
pression of  the  diathesis.  I  cannot  quite  follow  this 
explanation  ;  it  has  been  already  shown  that  an  excessive 
proportion  of  uiic  acid  in  the  blood  is  present  in  many 
diseases,  without  giving  rise  to  depressed  mental  condition. 
P'urther,  Roberts  has  demonstrated  by  his  researches, 
that  precipitation  of  uric  acid  may  take  place  without 
the  urine,  and  probably  without  the  blood,  containing  an 

*  Edinburgh  Med.  Journal,  1860,  p.  877. 
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excess  of  uric  acid,  and  my  own  investigations  have  given 
a  similar  result  (see  page  110);  and,  in  addition,  various 
authors  as  for  instance  Cantani  *  and  Kisch  f  have 
described  a  number  of  symptoms,  as  characteristic  of  the 
deposition  of  oxalate  of  lime  in  the  kidneys,  very  like 
the  above-mentioned  group  of  symptoms,  namely :  loss 
of  flesh,  muscular  weakness,  pain  in  the  loins,  frequent 
micturition,  depression  of  spirits,  etc.,  and  finally,  in  more 
advanced  cases,  renal  colic.  It  is  evident  there  are 
many  symptoms  of  both  diseases  so  similar,  that  one  is 
compelled  to  attribute  them  to  a  coiiimon  cause,  and 
this  can  scarcely  be  any  other  than  an  irritation  of  the 
kidneys  established  by  the  deposition  of  crystals,  which 
reflexly,  that  is,  in  some  unknown  way,  gives  rise  to  the 
other  symptoms. 

In  many  cases  the  course  of  the  disease  is  extremely 
chronic  ;  I  have  seen  patients  show  symptoms  like  the 
above  for  20  to  30  years,  without  true  renal  colic  or 
other  severe  symptoms  supervening.  On  the  other 
hand,  it  is  seldom  that  the  disease  totally  disappears, 
unless  the  patient  pays  attention  to  his  mode  of  living 
and  diet. 

As  the  object  of  this  work  is  to  discuss  the  pathology 
only  of  the  milder  forms  of  uric  acid  concretions,  which 
often  occupy  the  attention  of  the  physician,  bemg  some- 
times treated  as  totally  different  affections,  I  shall  not 
deal  with  renal  colic,  which  is  described  on  similar  lines 
in  all  the  pathologies,  and  to  which  description  I  have 
nothing  to  add.  Similarly,  I  shall  not  enter  into  the 
symptoms  caused  by  larger  concretions  in  the  pelvis  of 
the  kidneys  or  other  parts  of  the  urinary  passages. 

*  PalJiologic  wid  Therapie  dcr  Stoffwcchselkratikeitcn,  1880. 
t  Berl.  Min.  Wochenschr.,  1892,  p.  317. 
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DIAGNOSIS. 

The  diagnosis  of  the  early  or  shght  deveiopment  of 
uric  acid  gravel  follows  from  what  has  been  already 
written.  The  disease  may  be  confused  with  simple  ulcer 
of  the  stomach,  lumbago,  sciatica,  and  various  kidney 
disorders.  In  children  it  is  often  regarded  as  intestinal 
colic,  but  careful  consideration  of  all  the  subjective  and 
objective  symptoms,  along  Avith  the  results  of  the  exami- 
nation of  the  urine,  will  put  the  physician  on  the  right 
track. 


TREATMENT. 

The  treatment  of  this  condition  has  three  objects  in 
view.  1.  To  act  upon  the  reaction  and  chemical  consti- 
tution of  the  urine  in  such  a  way  as  to  diminish  the 
tendency  to  uric  acid  precipitation.  2.  To  decrease  the 
amount  of  uric  acid  produced  when  there  is  reason  to 
think  it  is  formed  in  increased  quantity.  3.  To  endea- 
vour to  eliminate  or  dissolve  concretions  already  formed 
in  the  kidney. 

These  objects  are  to  be  attained  partl}^  by  the  regu- 
lation of  the  mode  of  life  and  diet,  and  partly  by  the 
employment  of  various  drugs. 

The  different  authorities,  who  have  dealt  with  this 
subject,  have  constructed  certain  dietaries,  founded  upon 
their  theory  of  the  formation  of  uric  acid,  which  are  said 
to  be  useful  for  diminishing  its  production.  Accordingly, 
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Cantani*  has  recommended  a  diet  preponderating  in  flesh 
— a  kind  of  Banting  cure ;  Haig.t  one  consisting  chiefly 
of  vegetable  food;  Ebstein,J  the  same  diet  as  he  pre- 
scribes for  obesity  and  gout.  As  it  has  now  been  proved 
by  the  researches  of  Stadthagen,  Bleibtreu,  and  Schuhze, 
and  of  Horbaczewski  also  (see  page  26)  that  the  formation 
of  uric  acid  is  not  diminished  in  an  appreciable  degree 
by  a  purely  vegetarian  diet,  and  that  it  is  only  slightly 
larger  on  an  exclusively  flesh  diet  than  on  the  usual 
mixed  one,  there  is  no  reason  to  afllict  the  patient  with 
the  extremely  unpleasant  restraint  which  a  regulated 
diet  that  must  not  be  departed  from  imposes.  The  " 
patient  may  be  perniitted  to  live  on  the  usual  mixed 
dietary,  and  must  be  warned  against  excess  both  in  the 
one  and  in  the  other  direction.  The  collected  statistics 
indicate  that  a  diet  too  poor  in  albumen  has  a  greater 
tendency  to  produce  uric  acid  concretions.  In  support 
of  this  point  Koberts  has  shown  that  they  are  frequently 
found  in  poor,  badly-nourished  children  and  agricultural 
labourers  ;  and  other  authors  have  seen  uratic  precipita- 
tion during  continuous  fasting.  Senator  §  states  that 
the  urine  of  the  professional  faster  Cetti  contained,  after 
seven  days'  fasting,  crystals  of  ammonium  urate  arranged 
like  a  thorn-apple,  and  so  large  as  to  cause  a  strong 
sensation  of  scalding  in  the  urethra. 

On  the  other  hand,  the  greatest  moderation  must  be  • 
exercised  in  reference  to  alcoholic  drinks.    Alcohol  is 
hurtful  both  by  increasing  the  production  of  uric  acid, 
and  by  its  action  on  the  kidney  tissues,  already  irritated 
by  the  precipitated  uric  acid  crystals. 

*  "  Pathologic  u.  Therap.  dor  Stoffwech.,"  18S0. 
t  Lancet,  1890,  ii.  p.  281. 
X  "  Natur  iind  Bohandlung  der  Havncsteino." 
§  Berl.  klin.  Wochensch.,  1887,  p.  427. 
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It  must  also  be  considered  with  reference  to  diet 
whetlier  the  patient  may  be  allowed  much  or  little 
liquid  to  drink.  It  is,  indeed,  doubtful  whether  it  is 
desii-able  to  make  the  urine  very  dilute  as  long  as  it 
retains  its  physiological  reaction,  as  the  quadriurate 
decomposes  more  rapidly  in  water  than  in  normal  urine ; 
a  fuU  stream  of  urine,  however,  in  the  kidney  tubules 
and  pelvis  may  be  useful  by  washing  out  small  con- 
cretions, and  if  at  the  same  time  precautions  are  taken 
that  the  urine  is  neutral  or  only  slightly  alkaline,  there 
is  no  danger  of  uric  acid  crystals  being  deposited.  On 
this  account  it  may  be  advisable  to  prescribe  for  the 
patient  a  daily  draught  of  one  ok  other  alkaline  water, 
and  for  this  ,  purpose  Fachingen,  Wildungen,  or  Vichy 
water  may  be  profitably  employed. 

According  to  Ebstein's  *  researches  the  production 
of  uric  acid  is  not  really  influenced  by  the  quantity  of 
liquid  taken  into  the  system.  His  investigations  are  not 
quite  trustworthy,  as  they  were  conducted  by  Heintz's 
method ;  but  Schonborn  f  obtained  the  same  result  with 
a  reliable  method. 

Having  regard  to  the  general  health,  a  sedentary 
mode  of  living  must  naturally  be  avoided ;  it  must  also 
be  remembered  that  as  long  as  the  other  conditions 
favourable  for  the  precipitation  of  uric  acid  are  present 
it  is  injudicious  to  increase  the  production,  and  this  is  a 
certain  consequence  of  any  active,  protracted  muscular 
exertion  (see  page  111). 

It  is,  therefore,  not  uncommon  for  patients  who  have 
not  felt  their  predisposition  to  the  disease,  or  whose  in- 
accurate conception  of  it  has  not  brought  them  to  considt 

*  "  Natur  und  Bohsindlung  duv  Harnstoino." 

t  lyi'if/er's  yirchiv,Bd.  ii,  p.  529.  Sec  Ilirsch-Virchow's  Jahi-csbcric/if. 
1891,  p.  171. 
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a  physician,  to  believe  that  they  will  derive  benefit  from 
active  exercise,  and  so  to  begin  gymnastics,  cycling,  or 
the  like.  Then  pain  in  the  loins,  neuralgia,  etc.,  are 
very  quickly  set  up,  and  if  these  symptoms  are  put  down 
to  a  muscular  rheumatism,  and  treated  by  massage  and 
vapour  baths,  which  still  further  increase  the  production 
of  uric  acid,  the  disease  may  be  very  protracted  and 
assume  a  severe  character. 

On  the  other  hand,  no  reasonable  kind  of  bodily 
exercise  is  to  be  objected  to,  as  long  as  it  affects  the 
solubility  of  uric  acid  in  the  urine  in  such  a  way  as 
to  increase  the  amount  excreted,  Avithout  precipitation 
taking  place. 

As  the  degree  of  acidity  of  the  urine  plays  such  an 
important  part  in  the  pathogenesis  of  uric  acid  precipita- 
tion, it  is  necessary  to  keep  this  in  view  when  regulating 
the  regimen  of  the  patient.  Both  the  old  and  the  more 
recent  writers  have  shown  that  the  urine  is  more  acid 
and  more  concentrated  after  prolonged  fasting  than  after 
a  meal.  Hence  the  rule  that  the  patient  should  not 
take  few  and  large  meals,  but  the  daily  quantum  of  food 
should  be  divided  up  into  several  meals.  Roberts  has 
particularly  accentuated  this  point,  as  in  England  usually 
only  three  meals  are  taken  in  the  day,  so  that  twelve 
hours  or  more  may  elapse  between  dinner  and  the  first 
meal  of  the  following  day.  With  us  also  it  is  advisable 
to  impress  upon  patients  that  they  should  not  let  too 
many  hours  intervene  between  meals. 

In  connection  with  dietary,  it  should  be  remembered 
that  sodium  chloride  is  one  of  the  substances  Avhich  hold 
the  quadriurate  in  solution ;  patients  will  act  wisely  by 
partaking  largely  of  common  salt,  as  it  rapidly  passes  off 
in  the  urine. 

Alkalies  have  been  recommended  as  the  special 
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medicinal  treatment  from  time  immemorial.  The  action 
of  alkalies,  of  which  bicarbonate  of  soda  is  the  most 
pojDular,  depends  on  their  power  of  making  the  urine 
neutrtil  or  slightly  alkaline.  It  is  a  good  plan  to  instruct 
the  patient  to  control  the  action  of  the  medicine  by 
using  litmus  paper,  and  take  care  that  especially  the 
morning  urine  is  neutral  or  slightly  alkaline.  With  this 
in  view,  a  j)ractical  suggestion  of  Roberts  is  to  take  an 
alkaline  powder  at  bed-time,  in  order  to  counteract  the 
effect  Avhich  the  many  hours  of  fasting  have  on  the  re- 
action of  the  urine. 

Salkowski  and  Spilker*  have  investigated  whether  a 
moderate  amount  of  alkalies  have  any  influence  on  the 
production  of  uric  acid.  They  found  that  a  healthy  man 
can  take  a  dose  of  10,  15,  20  to  25  grms.  of  acetate  of 
soda  daily  without  suffering  inconvenience;  it  is  elimi- 
nated in  the  urine  as  bicarbonate  of  soda.  While  the 
daily  excretion  of  uric  acid  before  taking  drugs  was 
0-722  to  1-0708,  or  on  an  average  0-8218  grm.,  it  sank  on 
regular  doses  of  acetate  of  soda  to  0-5925  grm.  on  one 
day,  and  varied  between  0-605  and  0-906  (25  grm.  acetate 
of  soda  being  taken  daily) ;  the  average  excretion  of  uric 
acid  was  0-6923  grm. — a  small  decrease. 

An  apparent  contradictic^n  to  this  is  that  Spilker 
obtained  a  considerable  increase  in  uric  acid  excreted  by 
giving  a  medium  sized  dog  13  to  16  grm.  acetate  of  soda 
daily.  According  to  Horbaczewski,  this  must  be  ex- 
plained by  the  introduction  of  such  a  large  quantity  of 
alkali  into  the  stomach  of  a  dog  setting  up  a  kind  of 
inflammatory  condition  of  the  follicles,  which  is  accom- 
panied by  a  plentiful  new  formation  of  leucocytes. 

It  follow?,  from  all  that  has  been  brought  forward 


•  T'irchow't  Archiv,  Bd.  117,  p.  570. 
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here,  that  alkalies  possess  a  favourable  action  on  the 
chemical  constitution  of  the  urine  ;  and,  moreover,  that 
they  appear  to  slightly  decrease  the  production  of  uric 
acid  when  the  amount  given  is  not  overdone  in  a  purely 
theoretical  fashion. 

The  various  mineral  springs  act  in  the  same  way  as 
the  carbonates  and  acetates  of  the  allvalies.  Fachingen, 
Vichy,  and  Wildungen  waters  are  usually  employed  for 
this  purpose ;  no  particular  advantage  being  derived  fi*om 
any  one  of  these  more  than  another  ;  their  activity  stands 
in  proportion  to  the  amount  of  alkalies  contained,  and  to 
the  quantity  of  water  which  the  patient  may  consume 
without  disturbances  of  digestion  arising. 

As  the  quantity  of  uric  acid  in  the  blood  and  in  the 
urine  is  directly  proportional  to  the  disintegration  of 
leucocytes,  there  is  reason,  in  cases  of  increased  uric  acid 
production,  to  prescribe  those  remedies  that  will  diminish 
the  number  of  leucocytes.  With  tliis  in  view,  quinine  or 
arsenic,  specially  recommended  by  Laache,*  may  be 
ordered. 

In  piivate  practice  it  is  very  difficult  to  get  the  urine 
of  patients  collected  during  the  24  hours,  especially  when 
it  has  to  be  continued  for  a  considerable  time.  I  have 
not  succeeded  in  making  a  large  number  of  examinations 
of  the  urine  after  the  administration  of  these  drugs.  In 
several  children,  where  the  symptoms  as  well  as  the 
number  of  blood  corpuscles  justified  the  assumption  of 
an  increased  uric  acid  production,  and  in  whom  were 
undoubted  signs  of  kidney  irritation  caused  hy  the 
deposition  of  uric  acid  crystals,  I  have  investigated  the 
medicinal  action  of  arsenic  and  iron  preparations ;  and  it 

*  "  Dio  Aniimie,"  Christianin,  I8S3,  und  "Verb,  des  X.  InUrn. 
Con^-r.  ]3eilm,"  Bd.  ii.  Abth.  v.  p.  152. 
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struck  mc  tliat  the  patients  who  formerly  suttcrod  from 
constantly  recurring'  attacks  of  pain,  etc.,  had  a  much 
better  appearance,  and  were  able  to  remain  unaffected 
for  months,  even  if,  after  some  time,  they  were  careless  in 
taking  the  alkalies. 

I  hope  to  be  able  to  carry  out  more  accurate  investi- 
gations on  this  question  later  on.  One  must  not  forget 
to  watch  carefully  the  condition  of  the  patient  while 
arsenic  is  being  taken ;  Rasch  *  has  recently  drawn  the 
attention  of  the  profession  to  the  fact  that  the  uncon- 
trolled and  unlimited  administration  of  arsenic  is  fraught 
with  great  danger. 

As  long  as  the  concretions  are  scarcely  visible  to  the 
naked  eye,  or  still  sufficiently  small  to  pass  easily  down 
the  ureter,  the  treatment  described  above  will  suffice. 
The  state  of  affairs  is  quite  different  when  the  concretions 
have  become  so  large  that  they  can  pass  down  the  ureter 
only  with  difficulty  and  intense  pain.  Here  it  would  be 
necessary  to  bring  into  use  medicines  which  have  the 
power  of  re-dissolving  the  larger  concretions  already  in 
existence.  For  accomplishing  this  object  innumerable 
drugs  have  been  put  forward,  indeed  so  many  that  the 
suspicion  at  once  arises  that  none  of  them  can  be 
depended  on. 

The  compounds  of  lithia,  the  carbonate,  the  citrate, 
acetate,  benzoato,  and  salicylate,  have  the  greatest 
therapeutic  properties ;  it  must  be  borne  in  mind  that 
large  doses  of  these  coTupounds  are  not  well  tolerated, 
and  their  prolonged  administration,  even  in  small  doses, 
may  set  up  disturbances  of  digestion. 

The  lithia  salts  have  been  recommended,  because  the 
wviiU)  of  lithia  is  more  soluble  in  water  than  the  other 
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compounds  of  uric  acid.  The  borocitrate  of  magnesia 
and  the  borocitrate  of  ammonium  have  also  been 
recommended,  but  do  not  appear  to  be  superior  to  the 
Hthia  salts.  The  latest  drug,  however,  is  the  organic 
base,  piperazine. 

The  method  of  demonstrating  the  advisability  of 
these  remedies  has,  as  a  rule,  been  conducted  by  mixing 
uric  acid  and  the  drug  under  examination  with  water, 
and  investigating  the  solubility  of  the  compound  formed. 
In  this  experiment  it  has  been  quite  overlooked  that 
totally  different  conditions  prevail  in  the  kidney.  Here 
the  allcaline  salts  in  the  blood  are  excreted  together  with 
the  uric  acid  and  other  acid  constituents  of  the  urine ; 
the  alkalies  will  form  compounds  with  these  acids,  and 
so  be  placed  quite  beyond  the  sphere  of  exercising  a 
soluble  action  on  calculi,  usually  very  resistent. 

Piperazine  was  brought  forward  by  Biesenthal  and 
Schmidt  *  as  a  drug  of  great  promise,  but  its  action  as  a 
solvent  of  uric  acid  was  tested  only  outside  the  body.  It 
was  so  warmly  recommended,  because  the  urate  of 
piperazine  was  soluble  in  50  parts  of  water,  while  the 
urate  of  lithia  required  368  parts  of  water.  Piperazine 
was  used  on  a  large  scale  until  Mendelsohn  t  shoAved 
that  the  urine  of  patients  who  for  some  days  previously 
had  taken  the  usual  daily  dose  of  piperazine,  was  totally 
unable  to  dissolve  even  minute  uratic  concretions,  and 
that  its  solvent  action  disajjpeared  whenever  the  solution 
of  the  drug  in  water  was  mixed  with  urine  A  mixture 
of  1  part  piperazine,  40  of  water,  and  60  of  urine  had  no 
solvent  action  whatever. 

Piperazine  exercises  no  action  upon  the  production 

*  BcrVui.  /dill.  Woehciiscln:,  1891,  p.  12M. 
t  Berlin,  /./ill.  TJ'nr/inisrJn:,  1802,  p  384. 
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of  uric  acid.  Ebstein  and  Sprague  *  have  prescribed  it 
in  doses  of  1 — 2 — 3  gTm.  daily ;  during  this  time  the 
urine  of  the  individuals  experimented  on  was  sometimes 
neutral,  sometimes  slightly  alkaline,  the  amount  of  uric 
acid  excreted  was  about  normal,  indeed  rather  greater 
than  before  the  administration  of  the  drug.  As  the 
individuals  referred  to  had  never  shown  symptoms  of 
uric  acid  gravel,  and  the  piperazine  could  not  bring  into 
solution  deposits  of  uric  acid  in  the  kidney,  the  increase, 
Avhich,  however,  was  small,  must  therefore  be  put  down  to 
the  influence  of  piperazine  upon  metabolism. 

My  experiments  upon  myself  seem  to  show  that  the 
usual  daily  dose  of  1  grm.  piperazine  exerts  no  influence 
upon  the  amount  of  uric  acid  excreted  ;  while  in  the 
same  way  as  the  inorganic  bases,  it  makes  the  urine 
neutral  or  slightly  alkaline.  Piperazine  was  taken  from 
the  7  th  to  the  10th  of  February,  and  the  amount  of  uric 
acid  estimated  by  the  Fokker-Salkowski  method. 

T'rino  of  tho  7th,  (active  bodily  exercise)  0-9S1  grm.  uric  acid. 
8th,        „  „  0-739    „  ,, 

„    fth,        „  „  ()-628  „ 

»   '"th,        ,,  „  0-o47  „ 

A  similar  examination  of  the  urine  on  days  when  no 
|)i))cntzine  was  taken  gave 

I'riiic  of  tlic  lltli  I'"cl).,  (active  bodily  e.\ercisc)  I -08!)  grin,  uric  acid. 

,,         „  IGth    ,,  „  „  0-')ij'i    „  „ 

I'lli    V  „  0-621  „ 

„   18th    „  „  „  0-450  „ 

I'iperazinc,  accordijigly,  appears  to  act  exactly  like 
the  alkalies,  )iamely,  to  change  the  reaction  of  the  urine. 
As  it  is  not  tolerated  by  every  patient,  a.u(l  does  not 

*  Jkiiui.  Idiii.  WocIicumIii-.,  1891,  p.  348. 
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surpass  in  its  action  the  cheap  and  harmless  bicarbonate 
of  soda,  there  is  no  reason  why  the  preference  should  be 
given  to  this  expensive  drug. 

Glycerine  was  once  much  recommended  as  a  solvent 
of  urmary  calculi.  Colasanti  *  found  that  glycerine  at 
an  elevated  temperatiu'o  dissolved  uric  acid  in  the  pro- 
portion of  0'74  in  100  parts  glycerine,  but  as  the  uric 
acid  is  no  longer  held  in  solution  by  the  addition  of 
acids,  alkalies,  or  water,  it  is  indeed  doubtful  whether 
anything  is  to  be  expected  from  it.  Glycerine  was  a 
short  time  ago  recouunended  by  Herinann,t  with  some 
success.  He  gave  adults  50  to  100  c.c.  of  glycerine, 
dissolved  in  an  equal  quantity  of  water,  two  to  three 
times  daily.  Several  hours  after  the  administration  of 
the  glycerine  pain  was  felt  in  the  region  of  the  kidneys, 
which  in  some  cases  advanced  to  true  renal  colic,  and 
led  to  the  evacuation  of  gravel  or  small  calculi.  This 
treatment  gave  rise  to  no  symptoms  in  healthy  persons. 

It  must  be  remembered,  in  the  administration  of 
glycerine,  that  it  usually  contains  so  nuich  acid  (sul- 
phuric acid)  that  it  may  do  harm ;  one  should,  therefore, 
be  sure  of  employing  a  pure  preparation. 

The  best  effect  is  probably  to  be  expected  from 
a  regulated  mineral  Avater  treatment. 

Flirst  X  has  recently  conducted  a  comparative  estima- 
tion of  the  solvent  action  of  various  mineral  springs  upon 
uric  acid,  and  this  instructive  investigation  was  worked 
out  in  the  following  wa}^ 

A  healthy  individual  drank  100  c.c.  of  the  mineral 
spring  whose  action  was  to  be  tested,  and  the  urine 


*  Molcschott,  "Untcrs.  z.  Naiurl." 
1883,  i.  p.  I2G. 

t  Semautv  Med.,  Doc.  10,  1802. 
XTkulncliv  McdiiuilzcU,  1893,  .Tanuiir. 
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passed  was  examined  by  adding  0-5  gnn.  of  dried  uric 
acid  to  200  c.c.  of  urine,  and  digesting  at  37"  C.  for 
fifteen  to  twenty  minutes,  after  which  the  uric  acid 
was  filtered  off,  dried,  and  carefully  weighed,  with  the 
following  result : — 

Normal  urine   '.    Dcpositod  uric  acid. 

Urine  after  drinking;  Assmanshauscr  Brunnen  ,,  ,, 

,,  Wicsbadoner  Koch  Brunnen  ,,  ,, 

„  Salzsclilirfer  Bonifacius-Qiicllo       ,,  ,, 

„  Fachinger  Brunnen  took  up  0  043  grm.  uric  acid. 

Vichy    „      0  025  „ 

,,  „  Wildungrn  Brunnen      ,,      0  024    ,,  „ 

According  to  this  investigation  Fachingen  water  ap- 
pears to  be  the  most  active ;  moreover,  Fiirst  concludes 
from  his  experiments  that  the  solvent  action  on  uric 
acid  of  a  mineral  spring  appears  to  depend  on  the  pro- 
portion of  alkaline  carbonates  it  contains,  and  that  the 
soda  salts  appear  to  have  no  particular  advantage  over 
the  compounds  of  potash  and  lime. 

If  the  treatment  with  Wildungen,  or  any  other 
mineral  spring  generally  employed  with  success  in  this 
disease,  is  not  able  to  free  the  patient  from  the  concre- 
tions, which  give  rise  to  renal  colic,  or  which,  from  their 
presence  in  the  pelvis  of  the  kidney,  cause  continual 
pain  and  irritation,  and  sometimes  set  up  serious  aH'cc- 
tions,  there  is  no  option  but  to  confine  the  treatment  to 
the  alleviation  of  the  condition  by  analgesic  remedies,  or 
to  call  in  surgical  assistance. 
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A  Manual  of  Medical  Treatment 

or  Chnical  Therapeutics.  By  L  Burney  Yeo, 
M.D.,  F.R.C. P.    With  Illustrations.    Two  Vols.  21s. 


Operative  Surgery,  A  Manual  of. 

By  Frederick  Treves,  F.R.C. S.,  Surgeon  to,  and 
Lecturer  on  Anatomy  at,  the  London  Hospital  With 
422  Illustrations  by  C.  Berjeau.    Two  Volumes.   £2  2s. 


A  Manual  of  Surgery,  in  Treatises 
by  various  Authors.  Edited  by  Frederick  Treves, 
F. R.C.S.  Fully  Illustrated.  Three  Vols  ,  7s.  Q^.each. 

"This  Manual  of  Surgery  is  unique  of  its  kind." 

Medical  Press  and  Circular. 


Surgical  Diseases  of  the  Ovaries 

and  Fallopian  Tubes,  including  Tubal 
Pregnancy.  By  J.  Bland  Sutton,  F.  R.C.S. 
With  118  Engravings  and  S  Coloured  Plates.    12s.  6d. 


The  Student's  Handbook  of  Sur- 
gical Operations.  By  P'reueiuck  Treves,  F. R.C.S. 
With  94  Illustrations.  (Abridged  from  the  Author's 
"  Manual  of  Operative  Surgery.")   s,lh  Thousand.  7s.  Od. 

Cassell  &  Coiiifiany,  Limited,  Ljidgaie  Hill,  London. 
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MANUALS  FOE 

Students  of  Medicine 

Published  by  CASSELL  &  COMPANY. 

Consisting  of  compact  and  authoritative  Manuals  embodying 
the  most  recent  discoveries,  and  containing  all  the  informa- 
tion required  for  the  JMedical  Examinations  of  the  various 
Colleges,  Halls,  and  Universities  in  the  United  Kingdom  and 
the  Colonies. 

The  authors  will  be  found  to  be  either  Examiners  or  the 
leading  Teachers  in  well-known  Medical  Schools.  This  ensures 
the  practical  utility  of  the  Series,  while  the  introduction  of  the 
results  of  the  latest  scientific  researches,  British  and  Foreign, 
will  recommend  them  also  to  Practitioners  who  desire  to  keep 
pace  with  the  swift  strides  that  are  being  made  in  Medicine 
and  Surgery. 

New  and  valuable  Illustrations  are  freely  introduced.  The 
Manuals  are  printed  in  clear  type,  upon  good  paper.  They  are 
of  a  size  convenient  for  the  pocket,  and  bound  in  limp  cloth. 


A  Manual  of  Chemistry  :  Inorganic  and  Organic,  with 
an  Introduction  to  the  Study  of  Chemistry.  For  the  Use  of  Students 
of  Medicine.  By  Arthur  P.  Luff,  M.U.,  I3.Sc.  (Lond,).  M.R.C.P.  ; 
Fellow  of  the  Institute  of  Chemistry,  &c.  &c.  With  numerous 
Engravings,  7"*.  iid. 

*'  The  author  is  evidently  a  master  of  his  subject,  and  the  work  is  one  which  may  be 
confidently  recommended  to  tlie  student  of  chemistry.''— ^oj/i'/a/Ort^f//*". 

First  Lines  in  Midwifery.    A  Guide  to  Attendance  on 

Natural  Labour.  By  G.  E.  Herman,  M.B.  Lond.,  F.R.C  P., 
F.R.C.S.,  Obstetric  Physician  and  Lecturer  on  Midwifery,  London 
Hospital.  5."f. 

This  manual  is  of  considerable  merit,  and  is  likelv  to  prove  liighly  popular  in 
Loudon  schools  and  lying-in  hospitals.'' — British  Medical  Journal. 

Hygiene  and  Public  Health.   By  B.  Arthur  White- 

LEGGE,  M.D.,  B.Sc.  Lond.,  D.P.H.  Camb.,  Medical  Officer  of  Health 
to  the  West  Riding  County  Council.  With  23  Illustrations,  'is,  iid. 

"  It  is  in  every  way  perfectly  reliable  and  in  accordance  with  the  most  recently 
acquired  knowledge." — British  Medical  Journal. 

Elements  of  Histology.   By  E.  Klein,  M.D.,  F.R.S., 

Lecturer  on  General  Anatomy  and  Physiology  in  the  Medical 
School  of  St.  Bartholomew's  Hospital,  London.  New  atui  Emarged 
Edition,  7s.  6d. 

"  A  work  which  must  of  necessity  command  a  universal  sucress.  It  is  just  exactly 
what  has  long  been  a  desideratum  among  students.  "—Medical  Press  and  Circular. 


Manuals  for  Students  of  Medicine  [contimied). 


Surgical  Pathology,    By  A.  J.  Pepper,  M.S..  M.B., 

F.R.C.S.,  Surgeon  and  Teacher  of  Practical  Surgery  at  St.  Mary's 
Hospital.  iiit. 

'*  A  student  en^a^ed  in  surgical  work  will  find  Mr.  Pepper's  *  Surgical  Pathology  '  to 
be  an  invaluable  ^uide,  leading  hini  on  to  that  correct  comprehension  of  the  duties  of  a 
practical  and  scientific  surgeon  which  is  the  groundwork  of  the  highest  type  of  British 
surgery." — British  Medical  jfoitrnaL 

Surgical  Applied  Anatomy.  By  Frederick  Treves, 

F.R.C.  S.,  Surgeon  to,  and  Lecturer  on  Anatomy  at,  the  London 
Hospital.    New  and  Extended  Edition.    7s,  (id, 

"  The  author  of '  Surgical  Applied  Anatomy  '  is  an  able  writer,  and  is  also  an  authority 
on  purely  anatomical  questions.  There  are  excellent  paragraphs  on  the  anatomy  of 
certain  well-known  surgical  affections,  such  as  hip-joint  diseases,  constituting  a  feature 
quite  original  in  a  work  of  this  class,  yet  in  no  way  beyond  its  proper  scope."  —Loudon 
Medical  Recorder. 

Clinical  Chemistry.    By  Charles  H.  Ralfe,  M.D., 

F.R.C. p.,  Physician  at  the  London  Hospital.  Bs. 

"  The  volume  deals  with  a  subject  of  great  and  increasing  importance,  which  docs 
not  generally  receive  so  much  attention  from  students  as  it  deserves.  The  text  is  concise 
and  lucid,  the  chemical  processes  are  stated  in  chemical  formulae,  and  wherever  they 
could  aid  the  reader  suitable  illustrations  have  been  introduced." — The  Lancet. 

Human  Physiology.      By   Henry   Power,  M.B., 

F.R.C.S.,  late  Examiner  in  Physiology,  Royal  College  of  Surgeons 
of  England.    New  and  Enlarged  Edition.    7s.  Hd. 

"  The  author  has  brought  to  the  elucidation  of  his  subject  the  knowledge  gained  by 
many  years  of  teaching  and  examinmg,  and  has  communicated  his  thoughts  in  easy,  clear, 
and  forcible  language,  so  that  the  work  is  entirely  brought  within  the  compass  of  every 
student.    It  supplies  a  want  that  has  long  been  felt,"— The  Lanccl. 

Materia   Medica  and   Therapeutics,       By  J. 

Mitchell  Bruce,  M.D.,  F.R.C. P.,  Lecturer  on  Materia  Medica  at 
Charing  Cross  Medical  School,  and  Physician  to  the  Hospital. 
A  full  account  of  the  many  important  drugs  contained  in  the 
Addendum  to  the  British  Pharmacopoeia,  recently  issued,  will  be 
found  in  the  New  Edition.    7s,  (id. 

"We  welcome  its  appearance  with  much  pleasure,  and  feel  sure  that  it  ■will  be 
received  on  all  sides  with  that  favour  which  it  richly  deserves." — British  Medical 
yournal. 

Physiological  Physics,  By  J.  McGregor-Robertson, 

M.A.,  M. B.,  Muirhead  Demonstrator  of  Physiology,  University  of 

Glasgow.    7a,  dd. 
"Mr.  McGregor-Robertson  has  done  the  student  the  greatest  service  in  collecting 
together  in  a  handy  volume  descriptions  of  the  experiments  usually  performed,  and  of 
the  apparatus  concerned  in  performing  them." — The  Lancet. 

Surgical  Diagnosis :  A  Manual  for  the  "Wards. 

By  A.  Pearce  Gould,  M.S.,  M.B.,  F.R.C.S.,  Assistant  Surgeon  to 
Middlesex  Hospital.    7.'i.  (id. 

"We  do  not  hesitate  to  say  that  Mr.  Gould's  work  Is  unique  in  its  excellence. '— 
The  Lancet. 

Comparative  Anatomy  and  Physiology.    By  F, 

Jeffrey  Bell,  M.A.,  Professor  of  Comparative  Anatomy  at  KinE'."; 
College.    7s.  (id, 

"  The  book  has  evidently  been  prepared  with  very  great  care  and  accurary,  and  is 
well  up  to  date.   The  woodcuts  arc  abundant  and  good." — ytth^narurn. 

Ca.t.icit  (f;  Coiii/iany,  /.iiiiilcd,  Linigit/e  Hill,  Loin/oii. 
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"A  valuable  series,  which  is  likely  to  form,  when  com- 
pleted, perhaps  the  most  important  Encyclopsedia  of  Medicine 
and  Surgery  in  the  English  language." — British  Medical Journal. 

Diseases  of  the  Shin.    An  Outline  of  the  Principles  and 

Practice  of  Dermatology.  By  Malcolm  Morrls,  F.R.C.S.,  Ed., 
Surgeon  to  the  Skin  Pepartnient,  St.  Mary's  Hospital,  London.  With 
Coloured  Plates.    lOs.  6d. 

Oil  Gall-Stones  and  Their  Treatment.  By 

A.  W.  Mayo  Robson,  F.R.C.S.,  Professor  of  Surgery  in  the  York- 
shire College  of  the  Victoria  University,  &c.  &c.    Illustrated.  9s. 

"  There  can  be  no  question  that  this  book  well  repays  perusal,  and  will  be  the  work 
lu  which  all  practitioners  and  students  will  turn  for  information  on  the  surgery  of  Ihu 
gall-bladder.  '—Proviitcial Medical  yoiirnal. 

Food  in  Health  and  Disease.    By  I.  Burney  Yeo, 

M.D.,  F.R.C.P.,  Physician  to  King's  College  Hospital,  and  Pro- 
fessor of  Clinical  Therapeutics,  King's  College.  9s. 
"We  think  that  Dr.  Yeo  is  to  be  congratulated  on  having  accomplished  his  desire; 
we  became  more  and  more  favourably  impressed  with  the  work  as  we  went  through  the 
various  chapters ,  and  we  have  no  doubt  that  it  will  attain,  as  it  deserves,  a  great 
success." — TJte  Lancet. 

The  Pulse.     By  W.  H.  Broadbent,  M.D.,  F.R.C.P., 

Senior  Phj'sician  to,  and  Lecturer  on  Clinical  Medicine  at,  Sl  Mary's 
Hospital.  9s. 

"  There  is  so  much  that  is  uiteresting  and  well  done,  that  it  is  hard  to  emphasise 
any. "—  Hospital. 

Ophthalmic  Surgery.    By  R.  Brudenell  Carter, 

F.R.C.S.,  Ophthalmic  Surgeon  to  and  Lecturer  on  Ophthalmic 
Surgery  at,  St.  George's  Hospital ;  and  W.  Adams  Frost,  F.R.C.S., 
Assistant  Ophthalmic  Surgeon  to,  and  Joint-Lecturer  on  Ophthalmic 
Surgery  at,  St.  George's  Hospital.    With  Chromo  Frontispiece.  98. 

"Its  clearness  and  conciseness  will  cause  it  to  be  welcomed  by  students  and  young 
practitioners  as  an  agreeable  and  useful  guide  to  the  modem  practice  of  eye  diseases." — 
lirilish  Medical  jfoitrnal. 

Diseases  of  tJte  Joints.  By  Howard  Marsh,  F.  R.C.  S., 

Senior  Assistant  Surgeon  to,  and  Lecturer  on  Anatomy  at,  St. 
Bartholomew's  Hospital,  and  Surgeon  to  the  Children's  Hospital, 
Great  Ormond  Street.  9S. 

"This  volume  is  excellently  planned.  Mr.  Marsh  brings  to  bear  upon  it  kee  n 
critical  acumen." — Liverpool  Medico-Chirur^al  yournal. 

Diseases  of  the  Rectutn  and,  Anus.  By  Charles 

B.  Ball,  M.Ch.  (Dublin),  F.R.C.S.L,  Surgeon  and  Clinical  Teacher 
at  Sir  P.  Dun's  Hospital.    With  Chromo  Plates.    AVrc  Edition.  9s, 

"  As  a  full,  clear,  and  trustworthy  description  of  tlie  diseases  which  it  deals  with.  It  is 
certainly  second  to  none  in  the  language.  The  author  is  evidently  well  read  In  the 
literature  of  the  subject,  and  has  nownere  failed  to  describe  what  Is  best  up  to  date.  The 
model  of  what  such  a  -^-nrW  shn.iM  b^    — Bristol  Medico-Chiriiri^u-al  yournal. 
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Diseases  of  the  Breast.     By  Thomas  Bryant, 

F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  Guy's 
Hospital.    With  8  Chromo  Plates.  9S. 

*•  Mr.  Bryant  is  so  well  known,  both  as  an  author  and  a  surgeon,  that  we  are  absolved 
from  the  necessity  of  speaking  fully  or  critically  of  his  work."— TAe  Lancet. 

Syphilis.  By  Jonathan  Hutchinson,  F.R.S.,  F.R.C.S., 

Consulting  Surgeon  to  the  London  Hospital  and  to  the  Royal 
London  Ophthalmic  Hospital.    With  8  Chromo  Plates.  9s. 

"Tile  student,  no  matter  what  maybe  his  age,  will  find  in  this  compact  treatise 
valuable  presentation  of  a  vastly  important  subject.    We  know  of  no  better  or  more 
comprehensive  treatise  on  syphilis." — Medical  News,  Philadelphia. 

Fractures  and  Dislocations.    By  T.  Pickering 

Pick,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  St.  George's 
Hospital.  9s. 

"  We  must  express  the  pleasure  with  which  we  have  perused  the  book,  and  our 
especial  admiration  for  the  lucidity  of  the  author's  style,  and  the  simplicity  of  his  direc- 
tions for  the  application  of  apparatus ;  in  the  latter  respect  it  is  always  difficult  to 
combine  clearness  with  brevity,  but  herein  Mr.  Pick  has  been  most  successfuL" — 
Glasgow  Medical  youmaL 

Surgical  Diseases  of  the  Kidney.    By  Henry 

Morris,  M.B.,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at, 
Middlesex  Hospital.    With  6  Chromo  Plates.  9s. 

**  It  would  be  difficult  to  find  these  subjects  treated  more  carefully  and  thoroughly." — 
British  Medical  yourrtal. 

Insanity  and  Allied  Neuroses.    By  George  H. 

Savage,  M.D.,  Medical  Superintendent  and  Resident  Physician  to 
Bethlern  Royal  Hospital,  and  Lecturer  on  Mental  Diseases  at  Guy's 
Hospital.  93. 

"  Dr.  Savage's  grouping  of  Insanity  is  practical  and  convenient,  and  the  observations 
in  each  group  are  acute,  extensive,  and  well  arranged." — The  Lancet. 

Intestinal  Obstruction.     By  Frederick  Treves, 

F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Anatomy  at,  the  London 
Hospital.  9s. 

"  Throughout  the  work  there  Is  abundant  evidence  of  patient  labour,  acute  observa- 
tion,  and  sound  reasoninjj,  and  we  believe  Mr.  Treves's  book  will  do  much  to  advance 
our  knowledge  of  a  very  difficult  subject." — The  Lancet. 

Diseases  of  the   Tongue.      By   H.  T.  Butlin, 

F.R.C.S.,  Assistant  Surgeon  to  St.  Bartholomew's  Hospital.  With 
8  Chromo  Plates.  9s. 

"  Mr.  Butlin  may  be  congratulated  upon  having  written  an  excellent  manual,  scientific 
in  tone,  practical  in  aim,  and  elegant  in  literary  form.  The  coloured  plates  rival,  if  not 
excel,  some  of  the  most  careful  specimens  of  art  to  be  found  in  the  pages  of  European 
medical  publications." — British  Medical  yourJial. 

Surgical  Diseases  of   Children.      By  Edmund 

Owen,  M.B.,  F.R.C.S.,  Senior  Surgeon  to  the  Children's  Hospital, 
Great  Ormond  Street,  and  Surgeon  to,  and  Co- Lecturer  on  Surgery 
at,  St.  Mary's  Hospital.    With  4  Chromo  Plates.  98. 

"  Mr.  Owen's  volume  will  rank  as  an  invaluable  r^surn^  of  the  subject  on  which  he 
treats,  and  should  readily  take  its  place  as  a  reliable  and  compact  guide  to  the  surgery 
of  ztiHAten." —Medical  Press  and  Circular. 

Cdsscll  t£"  Comjiany,  Limited,  Liidgatc  Hill,  London. 
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The  Treatment  of  Typhoid  Fever,  Especially  by 

"Antiseptic"  Remedies.  By  I.  Burney  Yeo,  M.D.,  F.R.C.P., 
Professor  of  Clinical  Therapeutics  in  King's  College,  London,  and 
Physician  lo  the  Hospital.    Is.  60. 

Medical  Handbook  of  Life  Assurance.    For  the 

use  of  Medical  and  other  Officers  of  Companies.  By  James  Edward 
Pollock,  M.D.,  F.R.C.P.  (Consulting  Physician  to  the  Hospital  for 
Consumption  and  Diseases  of  the  Chest,  Brompton) ;  and  James 
Chisholm  (Fellow  of  the  Institute  of  Actuaries,  London,  and  of  the 
Faculty  of  Actuaries,  Scotland).     7s.  6d.. 


An  Address  in  School  Hygiene.    By  Clement 

Dukes,  M.D.  Lond.,  M.R.C.P.  Lond.    Demy  8vo.  Is. 


Vaccination   Vindicated :    Being  an  Answer  to  the 

Leading  Anti-Vaccinators.  By  John  C.  McVail,  M.D.,  D.P.H. 
Camb.  ;  Physician  to  the  Kilmarnock  Infirmary ;  Medical  Officer 
of  Health,  Kilmarnock ;  President  of  the  Sanitary  Association  of 
Scotland,  &c.  5s. 

The  Natural  History  of  Cow-Pox  and  Vaccinal 

Syphilis.    By  Charles  Creighton,  M.D.  3s. 


Advice  to  'Women  on  the  Care  of  their  Health, 
Before,  During,  and  After  Confinement    By  Fiorenck 

Staci'oole,  Dlp'om<5e  of  the  London  Obstetrical  Society,  &c.  &c. 
Paper  coyers,  Is.  I  or  clolh.  Is.  6d. 

Our  Sick,  and  How  to  Take  Care  of  Them ;  or,  Plain 

Teaching  on  Sick  Nursing  at  Home.  By  Florence  Stacioole. 
Paper  covers.  Is. ;  or  cloth,  Is.  6d. 

A  Handbook  of  Nursing  for  the  Home  and  for  the 
Hospital.  By  Catherine  J.  Wood,  Lady  Superintendent  of  the 
Hospital  for  Sick  Children,  Great  Ormond  Street.  Tenth  and  Cheap 
Edition.    Is.  6d.  ;  cloth,  2s. 

A  Handbook  for  the  Nursing  of  Sick  Children. 

With  a  few  Hints  on  their  Management.  By  Catherine  J.  Wood. 
2s.  6d. 

Diet  and  Cookery  for  Common  Ailments.   By  A 

Fellow  oi'  the  Rovai.  College  oi-  Physicians,  .md  Phyllis 
Browne.  5s. 

Casscll  cC  Com/atty,  Limited,  Ludj^aie  Hid,  London. 
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AlUhoritativc  Work  on  He.ilth  by  Eminent  Physicians 
and  Surgeons. 

The  Book  of  Health. 

A  Systematic  Treatise  for  the  Professional  and  General  Reader 
upon  the  Science  and  the  Preservation  of  Health    .  21s. 

Roxburgh  25s. 
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